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pointed to wus, with a large standard deviation
indicating a large biological variabiliiy of this
measure.

This slide gives all. :ie available data,

including the comparators ferr QT change. If YOU look

at Telithromycin for ol study -- all subjects in all

rolled studies all the different

studies, or

please note the change in QT interval is

comparai:

“;1.?,

vl and with the large standard deviation. In
addition, we have also provided QT dispersion which is
the difference between the short and the longrww
interval which are very similar between the di./li;’erent
comparators. .

Remember we had over 150 patients in whom
we collected a PK sample with tﬁe electrocardiogram
and these were done within one hour of each other. If
we look at the change in plasma concentration versus
the change in QTc interval, we notice a shallow slope
relating the plasma concentration to the QT interval
change of about 0.8 milliseconds per microgram per
milliliter of the drug. Notice that there is a large
capture in values particularly at low concentrations
and even the patient who had the highest concentration
fell on the line of regression. Since, as Dr. Ruskin

pointed out, we need to know what the outliers are, I
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would 1like to now show you who tilirsse highest 15
subjects are about one percent of the population.

Here are the concentr::sion range for these

subjects spanning from 5.2 v 9.9 micrograms per
*

milliliter. Here are th:iusbsolute increase in QT, up
to a maximum of ‘' and here are the delta QTc’s
spanning frio winus 38.8 in a patient with 6.4
micreoicwes per liter, up to 18 increase in a person
vallr 6.7, Of note, the patient with the highest

plasma concentration had only an increase of 8.7
milliseconds consistent with our slope. Clear’,. we
need to know more about the outliers be:::use as we
heard from the post-marketing surve:iilance data, it
had a significant number of values are the highest
values that are important in addiﬁion to what we also
heard from Dr. Ruskin about the occurrence of large
number of patients with values higher than 500
milliseconds in the studies he quoted to us.

Here we look at the examination of the QTc
change by greater than 30 or less than 60 milliseconds
or greater than 60 milliseconds, or where there was an
absolute increase greater than 454 men or 474 women or
greater than 500 for both. Notice in comparison to
Clarithromycin, the numbers are the same. I would

like to note for you that none of our subjects had an
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increase greater than 60 milliseconds: and an absolute
increase greater than 450 or 470.

We will now compare. ‘elithromycin to non-
macrolide comparators. Ac:iwir, the numbers are broken

~

down the same way agd"thwre is a small increase in the
number compare:™: i the non-macrolide comparators but
very imrooiuntly, there are again nobody greater than
¢t iwilliseconds and greater than 450 or 470 absolute
increase. Probably more interesting and important are
the effect of the drug in special populatiz,
particularly elderly, particularly those wirluliwepatic
impairment, renal impairment, et ceter=. .

This and , the other slide gives the
difference subsets that we examined as the number of
patients in these categories.. Notice that some of the
categories had small number of subjects whereas the
others had fairly large number to give some meaningful
information. Again, I would like to point out to you
the absolute changes are small and again, the larger
biological variability as shown by the standard
deviation. Whether we 1look at age, hepatic
impairment, renal impairment or taking of the

concomitant CYP3A inhibitors, we did not see a major

change in the QTc.

We will now also examine other variables
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such as those ‘receiving QT prolonging drugs,
hypokalemia, we had 103 subjects with hypokalemia
and/or diuretic therapy, tha:w who had cardiovascular
disease including hype:isuision and/or left ventricle

~
hypotrophy congnmyive heart failure, et cetéra, and
also thosr: wito had prolonged or acquired QTc at
bascw . Again, we see a small change in the setting
ot a large standard deviation.

Of note, patients with acquired QT
prolongation had an 80 millisecond decreas: cur
treatment the details of which are given o tiis slide
which 1looks at all the changes. in our study
population. Of particular not::, patients who had
prolonged QT at baseline iended to show a decrease
whereas those who had the shortest QT interval tended
to show an increase. This 1is of some importance
because often patients who have got acquired QT
prolongation could have underlying cardiac disease or
cardiovascular respecters and could unexpectedly
respond by further prolongation of the QT interval.

Now let me also share with you the
occurrence of treatment related adverse events that
could be potentiaily be related to QT interval
prolongation. We looked at the various categories and

other than for the dizziness the occurrence of other
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symptoms are very similar. There was a slight excess
occurrence of dizziness but mosi: of these cases were

mild and were not associated. #ith any change in the QT

interval when compared. . the comparators.
<
I wouﬁgﬁxlso like to recall for the panel
the remarl: .«sle by Dr. Ruskin that often it’s very
diffiiunit to interpret the finding of dizziness. Let

wie now turn to the Phase T brogram. Recall from your

briefing document in our Phase III program
patients received Telithromycin, there was nligcrease
in heart rate. However, when we we:: ahead to do
studies in our Phase I program involving normal
volunteers who often have restiiig low heart rates, in
the 50’s or even 60's or 65's, often sinus
bradycardia, we saw a significant increase in heart
rate with Telithromycin. So in examination the
different doses up to 3.2 grams of Telithromycin which
is four times therapeutic dose, we also wanted to
examine the robustness of correction by the QTc
formula as indicated by Dr. Ruskin and to see whether
alternate formulas would be required to better
interpret the changes in QT interval.

This gives us the available information
with respect to the different correction formulas.

Here 1is the change in the QT interval and after
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correction of the QT interval by Bazett’s formula, if
you’ll look at  the rel-=tionship to change in heart
rate, there is stil* a strong residual correlation.
And an expedieirit gl formula mentioned by Dr. Ruskin

<
Frederici.:: u removes that relationship better but
thesss Is still a residual correlation.

Therefore, as it has been done by some of
the FDA divisions, we also examined what would be. ::
better formula or exponent' to correc:: this
relationship and using our baseline drivirifee data, we
developed an exponent of 0.284. witich removes the
dependency completely. S for my rest of my
presentation I will show. you the data as QTm but keep
in mind the QTc data and the QTf data are also
provided in your briefing document.

If you look at all the available Phase I
program, spanning from 800 to 3.2 grams of drug
intake, there is a range of plasma concentration up to
7.6 or 7.7 micrograms per milliliter. Again, we
observe a shallow concentration relationship to QT
change of about 1.01 millisecond. If you were to look
at this data by QTc, you would see a slope of about
3.9, showing the effect of heart rate and the better
correction by this formula away from the heart rate

dependency. Very importantly I would like to next

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

107
share with you three: special drug interaction studies

that we performed that is Very important to evaluate

the safety of Telithromycin; interaction with

Ketoconazol.::: interaction with Cisapride and
.

inters.iion with Sotalol.

This slide summarized our finding in the
Ketoconazole interaction study. Both with placebo and
Telithromycin there was a 3 millisecond prolongat i
in the QTn when the drug was administere:: iix the

iid deviation

patients. Again, notice the large st.:
in these subjects. Whewoi  Ketoconazole was
administered, there was;mio‘millisecond_prolongation.
When Ketoconazole and Telithromycin were given
together, although there was about a 1.54 increase in
Telithromycin concentration, there was little or no
change in the QT measured in this study. I would like
you to place this in perspective. For example, with
Terfenadine, when.administered‘ﬂith<Ketoconazole there
is a 16 to 72-fold increase in plasma levels and a 60
to 80 millisecond prolongation in the QT interval.
This slide illustrates the finding from
out Cisapride/Telithromycin interaction study. Please
recall the study was designed to examine the effect of
Telithromycin on an increasing Cisapride blood level

and its effect on QT. It was not designed as a head
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to head compaitison between Telithromycin andg
Cisapride. Dri;ing the placebo period or during the
Telithromy. it period or during the Cisapride period
ther s is a small change in the QTn of about 1 to 3

~
mrllisecond and thgy were not significantly different
from each other throughout most of this period.

But when Telithromycin is giver. with
Cisapride, there’s approximately a doniniiiy of the
Cisapride plasma level and at pe:iy,. there is a 10-
millisecond prolongation in. vt QT interval. Again,
I would like to place t':iy in perspective by recalling
for you that whrug you administer Cisapride with
Ketoconazole,. there is at least an eight-fold increase
in plasma level and about a 60 millisecond
prolongation in the QT interval.

Next I would like to present to you our
finding from the Sotalol/Telithromycin interaction
study. The first row gives the Sotalol plasma
concentration achieved'during the placebo period when
Sotalol alone was given or in the pPresence of
Telithromycin. Telithromycin produced a decrease in
Sotalol lével. If you look at the QTn or the change
in QTn, there was 76 millisecond observed with Sotalol
whereas in the presence of Telithromycin, it was 58

milliseconds. Since there was a change in the plasma
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concentratical, we also examined the slope to put this
in persperitive and if you’ll look at the different
slopes:. it was 45 versus 48 not different from each
citwr.  So we feel that in the presence of a type 3

~

mix with Sotalol, Telithromycin does not increase the

risk for changes in QT interval.

Next I would like to share with o a
special study in special population that wzuconducted
with the -- at the recommendation wrrriiggestion of the
FDA to characterize the e ui4y of Telithromycin in
patients with cardi..scular risk factors. To our
knowledge this is the first such program in an anti-
infective urea. This involved 24 subjects with
congrstive heart failure, ischemic heart disease,
either wvascularized or non—vaséularized, non-life
threatening arrhythmias or valvular heart disease, et
Cetera, who were exposed to either Telithromycin 800
milligram or 1600 milligram to either therapeutic dose
or Clarithromycin, 500 milligram twice a day or
placebo with all subjects receiving all four periods
in our cross-over design.

These patients had electrocardiogram and
24-hour Holter monitoring before and after treatment.

Here are the changes in plasma Telithromycin

concentration on 800 and 1600 milligram and
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Clarithromycin for comparison. Here are the change in
QTn which was not different between Telithromycin 800
or 167 and here is the Clarithromycin data for
~opiarison.  If you look at QTc because the drug had,
~
again, a large eff?ct on heart rate, the changes in
QTc are a little bit more prominent but again, .o iiie
context of the variability, they remain ;i
Of note, there was 1w evidence of
arrhythmias on the Holter -wwitor in any of these
subjects. This si.ue gives all the plasma
concentration da'ir in these 24 subjects in the two
different pe::iods for 800 and 1600 milligram of
Telithrormycin. Again,.we note a shallow relationship
betwoen QTn  or change in’ QTn and the plasma
Telithromycin concentration.‘ Again, if this were to
be using QTc, the slope will be higher because of the
effect on heart rate. To put these findings in
perspective, I would also like to share with you the
data from Phase III program where we had more than 280
subjects with underlying cardiovascular disease.
Again, here is the change or the measured
plasma Telithromycin concentration and the change in
QTc and we notice little or no slope in patients who

are -- who will actually receive the drug in clinical

practice.
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In conclusion, Telithromycin had a wear

effect in Ikr channel and importantly in patients with
respiratory tract infection who will receive the drug,

we observed a small change in QTc of about
.

approximately one millisewond.

There was a shallow

relationship betw:is. QTec and plasma Telithromycin
concentrati:i over a wide range. There was no
diffe i in the occurrence or frequency of outliers

ol QV¢ between Telithromycin and macrolide or non-

macrolide comparators.

Analysis of different at risk populat iciyy
did not reveal a propensity for enhanced. cffuct on
cardiac repolarization; Very importarily, we did not
notice any cardiovascular adve::yr events such as
Torsades, admittedly cannci: be detected in such a
small population but also absence of wventricular
tachyarrhythmias, absence of syncope or -- that could
be associated with QT prolongation.

As sponsor, we believe that we have
defined the risks associated with the change in plasma
Telithromycin concentration. The strong Phase III
data, the shallow relationship between plasma
Telithromycin concentration and change in QTc, the
high viability of the drug, the availability of

multiple mechanism for this compound including a heart
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rate that cannot be blocked by clinically available
drugs and the compensatory increase in renal excretion
in patients with hepatic impeairment strongly limits
the possibility that thers: could be an unexpected

Y

increase or large increase in plasma concentration of

Telithromycirn is clinical use and potential for acute

cardiaw repwlarization changes.

I would now like to ask Mindell Seidlin to
come and conclude the presentation.

CONCLUSIONS OF DR. MINDELL SEIDLIN

DR. SEIDLIN: As illustrated €y 3 Gen,
there is a clear need for new oral ant.itvicicics for
treatment of respiratory tract wfrwetions. The
prevalence of high level resis e to both Penicillin
G and Erythromycin A ip ‘ire United States exceeds 15
percent now. Resistance to other agents including
Cotrimoxazole, Tetracyclines and others have increased
as well. Resistance to Quinolones has been reported.
The term multi-resistance has now been applied to the

pneumococcus. There 1is increasing evidence that

resistant strains of pneumococci are associated with
clinical failures and adverse outcomes.

At the same time, it is important that
respiratory antibiotics provide effective therapy for

the full range of pathogens involved in these
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infections. The current medical environment is one

with increasing numbers of elderly patients and
patients with numerous underlying illnesses taking a
variety of concomitant medications. In the past, many

“

of these patients might have been hospitalized for
treatment of community acquired pneumonia or acute

exaceriwtion of chronic bronchitis. More and more

vhove patients are being treated in the community.

The initial choice of effective oral
therapy in these patients is crucial. Telithromy« irr
is the first in a new class of antibiciiies. the
Ketolides. It has a novel mode of sl which two
binding sites to the 23 SR&A o/’ tlie 508 ribosqmal

subunit. This accounts fo. its superior activity

against sensitive stri,us of the pneumococcus and

retained activit: against Erythromycin A and
Penicillin G resistant strains. It is also active
against the other key respiratory pathogens, common,
atypical and intra-cellular.
Telithromycinhaseawell—characterizedand
reproducible pharmacokinetic profile. Therapeutic

levels are rapidly achieved in plasma, in infected

tissue and inside cells. Telithromycin was

consistently effective in all analyses in 13 clinical

trials in the four proposed indications. Of special
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note in the studies of community acquired pneumonia,

cure rates in the elderly were 90 percent. Likewise

-

they exceeded 90 percent in patients with pneumococcal

bacteremia. Cure rates were high in patients with
.

atypical infe«ijons and all cases of Legionella were

cured.

In the other three indications, the five-

dny once daily regiment was demonstrated to be as

effective as 10-day coursed of comparator regir:-
despite stringent criteria which could hove: favored
longer duration therapeutic regimen:iw:. Efficacy was
also demonstrated in community. cx.quired pneumonia and

in sinusitis in patient.: with infections due to
Penicillin and Erythrc.uycin resistant pneumococci.
Safety. was evaluated in 3,265 patients
which included a broad array of ages, underlying
illnesses and concomitant therapies. Gastrointestinal
adverse events were the most common identified and
occurred in a range that is well-recognized in oral
antibiotic therapy. Hepatic events and transaminase
elevations were uncommon and occurred at rates
comparable to those of comparative ages.
Discontinuation of therapy and serious

adverse events were rare and occurred at rates similar

to the comparators. A thorough evaluation of the
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effect of Telithromycin on cardiac repolarization

revealed a weak effect on the Ikr channel and

-

approximately one mjjlisecond increase in the QTc

interval in patieuts with respiratory infections. No

A

cardiac adveiwme: events attributable to this change

-

were olussuaved.

The effect is similar in magnitude to that

of widely used antibiotics. We anticipate that our

Cy

planned post-marketing surveillance program v i

confirm the safety profile observed in the i
trials. I will conclude by summarizi.m: tlic benefits
that Telithromycin will bring f.i puiients.

It is highly  «ifective against the
pneumococcus, the pa!iziyen most associated with
morbidity and mort .« ity in respiratory infections. It
is active ‘'wth in vitro and in patients with
Penicillin and Erythromycin resistant strains of S.
pneumoniae. It is a single agent which is effective
against all of the key respiratory pathogens, common,
atypical and intracellular. The brief five-day
regimen in common infections is likely to enhance
patient compliance.

Currently there are few therapeutic
options for out-patients with respiratory tract

infections who are at risk for drug resistant S.

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

116
pneumoniae. Telithromycin will effectively and safely

expand those options. Thank you.

DR. RELLER: Thank you, Dr. Seidlin and

your collrsagues for the 2Pventis presentation. These
A Y

prescsiations are now

ativstions directed to the presenters. Dr. Bell?

open for discussion and

DR. BELL: The safety presentations were
appropriately most focused on the cardiac issues ar.i
I guess we’re going to hear more about that e e
FDA this afternoon but I wonder if one .:ilyeni would be
kind enough to elaborate on the:iivrned vision issue.
I seem to recall that in thestonsillitis studies there
were maybe half «i dugen people and I think maybe
mostly woman vii:s were who had blurred vision versus
none in th:s comparator groupband one of the speakers
refer:iid to this as transient myopia.

And I guess I'm -- could You please talk
a little bit more about that? For example, how
transient was it and how do you know that this wasn’t
a potential harbinger of some more serious neurologic
Or opthamologic event that just didn’t complete? Can
you just talk a little more about that?

DR. SEIDLIN: I'd be happy to. You
pointed out correctly that most of the cases of

blurred vision did occur, in fact, in young women in
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the tonsillitis/pharyngitis trial. Most of them
lasted for a mafier of a couple of hours and resolved
while the patients were still on therapy. We actually
observod: blurred vision at high doses in some of the
Flranwe I trials\and had the opportunity to  conduct
opthamologic exams in those patients. In those
patients, there were no abnormalities observed in the
fundi and in the lens and the retina, et ceteuny  vad
the opthamologist concluded that i was a
difficulty in accommodation acconutina for the blurred
vision.

We believ.:: luil the mechanism related to
this probably ha:: tw do with a cholinergic effect of
the drug wh' i is generally a mild effect but maybe
having . ure impact on the eye muscle.

DR. RELLER: Dr. Murray?

DR. MURRAY: 1In the eéxamination in animals
of retina or optic pathways, anything pathologically
done?

DR. SEIDLIN: There were pathologic

examinations of the eye. I'm going to call upon Dr.

Miller to detail those for you.

DR. MILLER: We did carry out extensive

examinations within the pre-clinical program. This

included a peer review of the retinas from the repeat
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dose toxicity studies in the rats, the dogs and the
monkeys and wit?in the monkey one month toxicity study
we also measured and recorded electra-retinograms and

we.  saw no adverse effects in any of these

.

examinations.

DR. RELLER: Dr. Lazzara?

DR. LAZZARA: Just in the Seaiisio
experiments, the Sotalol trials, I’'m sorr:: . i: which
Sotalol was combined with Telithrom, .. the -- you
didn’t give the dose of Sotalivil thuat was given, 160

BID. And I was -- theo: dolia QTn, that’s your QTn

correction, that vuwttie QTn on Sotalol versus the QTn

at baseline? .
DR. SEIDLIN: I'm going to ask Dr.

Bencuiict to come to the microphone so that he can

lietter respond.
DR. BENEDICT: Yes, the QTn product was
developed on QTn for Sotalol.

DR. LAZZARA: So it was a mean 76 milli-

second prolongation on Sotalol.
DR. BENEDICT: Right, on Sotalol, yes.
DR. LAZZARA: The other point about the

Sotalol experiments, was the -- the heart rates would

have been then, I guess, fairly low. Do you have any

data on what the heart rates were on the Sotalol when
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the Telithromycin was added?
DR. BENEDICT: I think we did not see any

additional change in -- no, there was additional

change on top of Sotalol of about four to five beats.

DR. LA%ZARA: Decrease?

DR. BENEDICT: Increase in heart

DR. LAZZARA : Increas#: with the
Telithromycin.

DR. BENEDICT: il

DR. I2veinta.. Thank you.

RELLER: Yes, Dr. Moss?

DR. MOSS: Could we get some detail on
jusi: how the QT intexrval was measured, because at
ieast in one of the slides it appeared that one took
the longest QT minus the shortest QT or not minus, but
averaged the time, the QT interval between the longest
and shortest and used this as -- and then corrected
for it; is that correct?

DR. SEIDLIN: Yes, that’s correct.

DR. MOSS: Do you have any data on simply
what was the longest QT, not averaging between the

longest and shortest?

DR. SEIDLIN: Dr. Benedict?

DR. BENEDICT: Yes, we have that data

available but we provided the QT dispersion and since
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we. did both the averaging for the pre and on
treatment, we felt the change would be the same
because it’s being averaged, but on the whole, to
answer your question what was the longest, the longest
would have been\about 10 milli-seconds more than what
would have reporteé.for the absolute QT but i terms
of the delta QTc, it would have been no. difierent.
DR. MOSS: That delt=. ¢ would have been
no different using the --- yuui- end correction, your
wisdrrent  from  the  Bazett or

exponent that'’s

Fridericia?

DR. BENEDICT: For the Phase III program,
we uuviiented the Bazett formula QTc correction. So at
.vast in that population, we saw the changes were
approximately similar, the éame or similar whether we

did the averaging or we took the longest.

DR. MOSS: And did you do any corrections
for the placebo, that is there is some prior data that
I've seen for the various doses, the 800 and 1600
milligram doses, on the QTc Bazett and after -- with
subtraction of the placebo and adjusted for the

placebo and it was really quite considerable the QTc

changes.

DR. BENEDICT: Yes, because the doses

ranging from 800 to 3200 milligram were studied in
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normal, healthy volunteers often with heart rates as
low as 60, even some having rates lower than 60 and in
this individual there was an increase in heart rate. so
if we just use the QTc formula we see a slope of about

.

three to four milli-seconds Per microgram pei inillj-
liter of the drug but when we approgirigtely now
correct for the effect of the hei:o rate using QTn
formula, the slope is now chiiait 1 milli-second per
micro-liter per milli s of the drug.

TR MOSEY Could you give some idea of
what ftlas avorage heart rate changes were?

DR. BENEDICT: Yes, the average heart rate
change, I think we have a slide on that. Okay, while
the slide isg coming up, the average heart rate in the
normal volunteers I would say was about approximatizly
in the region of about five to eight beats per minute.

DR. MOSS: Right, and let me just ask one
final question. I notice there were 95 subjects in
the age range of 13 to 18 years. Two questions, were
they given the same dosage or was the dosage
attenuated for body weight and have you studied any
children younger than age 137

DR. SEIDLIN: The 13 to 18-year olds were

all treated with 800 milligrams once a day, so the

dose was not adjusted in those teenagers. We are
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currently carrying out a pediatric program but that

data has not yet been submitted to the agency.

DR. RELLER: Dr. Sumaya, did you hawes g

question?

=

DR. SUMAYA: Yes, it’s somewhai related to
the latter question. Do the sponscri feel that the
potential utilization of this Uiy amongst various age
groups correlates wit!: il amount of studies done in
those age grour . i hoth efficacy and in safety? 1In

other wor:ii. the ones that are going to use this more

haxeibywar the ones most studied? Is there some rough

cumparability?

DR. SEIDLIN: Well, we did cover the age
range of patientsg anticipated to take this drug ..
marketed use. Whether they are in direct proprisiion
is always hard to say, but we certainly did cover the
adolescents, the vast majority of patients between 18
and 65 and a substantial number of patients over ¢5.

DR. RELLER: Yes, Dr. Lee.

DR. LEE: Yes. Could somebody address the
paddock metabolism that'’s non-P4507? Is that
glucuronidation, is it -- do we know?

DR. SEIDLIN: Dr. Bhargava?

DR. BHARGAVA : The metabolism of

Telithromycin is by several metabolites and one of the
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major metabolites that’s the circulating species is
the RU-363 which is loss of the areal grain. And that

is the pathway that is metabolized by the non-

cytochrome P450.

Y

DR. RELLER: Yes, Dr. Mowus.

DR. MOSS: I'm stirck by the enormous
standard deviations of tlossinaisurements. Do you want
to provide any exn’.#odiun that is with mean value of
delta QTc of wuwwrweilli-second and a standard deviation
of 21 wulilii-seconds? I know yYou touched on this as

valiliers  but  that just seems like an enormous
variability.

DR. SEIDLIN: We believe that thi. iy
attributable to the biologic variability of this
parameter and the errors in measureme:i which are
common. There is also a great deal of spontaneous
intra-individual variability, it’s hard to say but it

exXists anyway, which is accounted for by this.

DR. MOSS: ‘Was the QT measurement done by

manual or was it machine read with operator over-read

or what?

DR. SEIDLIN: There was operator over-read

for all EKG’s.

DR. MOSS: No, but the primary measurement

was machine read?
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DR. SEIDLIN: I'm going to ask Dr.
Benedict to talk about the parameters for reading the

ECG’'s.

DR. BENEDICT: When the. electrogram was
A Y
originally performed at the site. there was a machine

over-read for saféty evaliwsition on the spot for the
investigator. Butr. vlxse all the electrocardiograms
were transmilimi. to a central reader who blindly
manual. . rewd every single electrocardiogram looking
at.mzil the 12 leads.

DR. RUSKIN: Can you describe the
methodology by which they were read? Was this on. o
standard ECG? Were they computer read at highe. @ speed
or how was it done?

DR. BENEDICT: These were «ll standard 12
lead electrocardiograms at 25 millimeter per second
paper speed and using the standard criteria for
measuring the QRs interval.

DR. RELLER: Yes, Dr. Lazzara.
DR. LAZZARA: Another question about the
hypokalemia trial, can you give us an idea of the

severity of the hypokalemia?
DR. BENEDICT: Yeah, we did not
specifically do a study on patient population of

hypokalemia. We included all patients who had
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potassium less than 3.5 milli equivalents per liter
and we had agproximately either about 60 to 70
patients with potassium less than 3.5 or 40 to 50
patients who are receiving concomitant diuretic

Y

therapy and that’s where we huve the data from that

group.

DR. T.iwiiviis:  Yeah, but I was curious as
to do you huiiv i ulean, say what the potassiums were in
that. ¢uroega?

DR. BENEDICT: I don’t have it right now.
I think we can provide it to you later on.

DR. RELLER: Dr. Davis.

DR. DAVIS: Can you say some muiniy about
these Japanese studies? They were inc’i.ded and then
excluded in this count for thé ques:on of resistance.

DR. SEIDLIN: Uh-iiuh. We only presented
the resistance isolates from the Japanese studies. We
did not present the overall safety or efficacy from
those studies. The study design in Japan was a little
bit different from the study design in the U.S. 1In
Japan, the -- there was seven days of therapy whereas
in the U.S. there was seven to 10 days depending on
which study.

The end of therapy visit in Japan was at

seven days and then there was a follow-up visit at
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post-therapy which was corresponded. to our 17 to 21-

day visit and that was used as the end point for those

.

studies. The severity criteria for enrollment in the

Japanese study were slightly different and none of

those patients had blood ciidtures which is why we had

no bacteremias. Ti: wmay have been why we had no
bacteremias ir. tlwue studies. However, the cultures
were all. diume and the MICs determined by NCCLS
Coovivtor and the clinical criteria for cure were quite
gimilar.

DR. DAVIS: You said the severii v way

different. So the severity was less.

DR. SEIDLIN: Not necesss.uly less. They
actually used a different severity measure in those
studies. So they were graded .n a slightly different
way.

DR. RELLER: The last two questions to Dr.
Seidlin were posed by Dr. Barry Davis. Dr. Chesney?

DR. CHESNEY: I had a question about
emergence of resistance and I wondered if isolates --
you made any attempt to look at isolates that might
have still been present on therapy and after therapy
and did you detect any emergence of resistance and
then in the briefing document there isg the comment,

"While exposure to Telithromycin did select for
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pneumococcal mutants within increased MICs, most
remained withiq the proposed Susceptibility range",
and I wondered if you could. just elaborate on that a

little bit for us.

Y

DR. SFEIi/iiN: To the first part of the
question we di: not identify any Telithromycin
resist.iilwwutants in patients who had been treated in
t1us program. The comment refers to attempt to select
resistant mutants in the laboratory by serial passage

and we’d be happy to present that data. Dr. Bryskie;#

DR. BRYSKIER: So we did -- one
performed concerning the election of thuo dvitection of
resistance mutant after serial :1:ussages. What we
obtained is that we studied T-wiithromycin. After 44
passages we only selected. uor obtained three strains,
resistant with MIC oi two to four microgram per mL
with L22 mutations on the ribosomal protein. There
work  was done in comparison with macrolide
Erythromycin and Clarithromycin. We obtained -- we
select mutation or mutant after five to 20 passages
but the number of these mutant are extremely high and
also the level of the MIC we obtained are different.

With Erythromycin or Clarithromycin or
Erythromycin and also Roxithromycin, we did all the 14

and 15 available macrolides. We obtained MIC above
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some time 32 or above 32 because there is a
difference. So the number -- and so we have tested
the fregquency, the. -- usually mutant will cure after
one out of 10 t:: the seventh micro-organisms, with
study is Oﬁﬁfég eight or one to the nine, so the
frequer .y is low; The number of the mutant we
olinsared is low after a lot of cellular passages

within 40 or more and also MIC we obtained four times

the normal MIC or some time we have five times tho

normal .

DR. RELLER: Dr. Murray, o vou have a
follow-up question related to tline resistance?

DR. MURRAY: “¢uy, I assume that was with

an Erythromycin sus iptible non-erm B containing
strain. Were sim . .iar studies done if this background
strain had erw B in terms of mutational frequency to
resistance to Telithromycin or increased MICs?

DR. BRYSKIER: We did Erythromycin
susceptible of course and also we tested -- or we did
also this work with mef and with erm B. So with mef
first we obtained also few mutants but increased MIC
from all three or all six to all 25. With erm B we
are selected also few strains but starting with an
MIC, an extremely high MIC, for Erythromycin A. The

work was done by Peter Appelbaum and we started with
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MIC of above 32 and we: have some strain with MIC of
four. we haveqone.wﬁth four and one with all three
and as with one So we obtained few. T cannot say
no, also mutation on L22 and that is a very rare
occurr@mmw:tod;; in clinical setting.

DR. RELLER: Yes.

DR. MURRAY: Could you give frequency
numbers as you did for the erm susceptible, one in. 1/
the sixth, seventh, eighth?

DR. BRYSKIER: Yeah, the woiiis vy done by

twd last year. I

Roland LeClercq in France and pre::
can’'t -- also it’s 10 to Vit wighth or 10 to the
ninth. It’s very low.,

DR. RFEILIER: Dr. Leggett had several
questions rela’:vd to resistance.

DR. LEGGETT: Not to resistance, just one
question to resistance. Regarding a more clinical
resistant pattern and regarding your desire for an
indication for Penicillin resistant and Erythromycin
resistant pneumococci, you stated the data of -- in
your MM7 and other places, of 20 to 30 percent
resistance and vyet in the numbers involved, when you
look at your trials of community acquired pneumonia,
it’s less than 15 percent. Can you explain the

discrepancy between what the CDC is showing and what
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we once again, when we’re trying to look at this

regsistance indication, we can’t seem to find them.

wa

DR.. SEIDLIN: I think this is a problem

that the committee has experienced before with many

Y

submissiions, that the number of patients with

rvwristant  pneumococci captured in clinical trials

tends not to be representative of what’s captured in

epidemiologic studies in the population. I woriv,
however, point out that our rate of identif i wtiy vy of
resistant pneumococci is relatively bissiv cowpared to
some other submissions. Indeed. wet wtudied some 1300

patients treated with Teniiilivomyein with community

acquired pneumonia * had the numbers of isolates

that you saw.

iit contrast, my recollection is that for
instance in the Levoquin submission there were many
thousands of pneumonia patients in order to obtain
some 16 resistance isolates. So I don't know whether
that’s a tincture of time with the increase of
resistance out there in the world or we were extremely
clever at placing our study sites or we were actually
able because our enrollment criteria didn’t try to
select for patients with pneumococcal pneumonia. So
I think that, yes, we didn’t quite get numbers that

were representative in the community but we did get
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fairly respectable numbers for resistance isolates in

this program.

-

The other point that I would like to make

is that- the numbers that I cited are sterile site
Y

isviiates from the CDC and that’s, of course, important

because those are invasive disease and it’'s a good

conservative number. Most studies that have looked i

the incidents of resistance in respiratory ‘.« icions

18 to 35

have been considerably higher. [SERRE
percent have been reported in = variety of studies and
in fact, our experienc:s s consistent with that in
that the rate of i:wlation of resistant pneumococci
and sinusitis wus relatively high.

DR. RELLER: Dr. Cross.

DR. CROSS: Wiﬁh regard to the adverse
effects, in your presentation you lumped all the Phase
IIT studies together. I was just wondering in the
studies that looked at chronic bronchitis, a
population probably enriched in older patients and
those with underlying heart disease, was there any
difference in the profile of adverse effects in this
population?

DR. SEIDLIN: Dr. Leroy, would you present
the adverse events in chronic bronchitis, please?

DR. LEROY: There was no major difference.

S A G CORP.

202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

132
There was --- we can, yes, put the slide on which is
the possibly related treatment adverse event in
chronic. bronchitis patients slide on. So you recall
a vule of 13 percent in the presentation of diarrhea
and in fact, itts almost less in this indication. It
goes with the resuifs that we’ve presented to you in
elderly patients where the rates were a bit lowe: .

DR. RELLER: Dr. Ebert.

DR. EBERT: I have a viiilar question
related to one of the other doveise effects, that
being dizziness. Wi there  any demographic
characteristics ' tige patients who experienced
dizziness thes.: would have predicted that they would
see the «'..v effect or was it related to the timing of
the ivse, for example?

MR. LEROY: I think that for the last
question, the relation to the time and the dosing it
was well addressed in Phase I, as you know, we’ve
conducted high/low studies in this program which is
generally not done. So we’ve been able to see that
the dizziness was related to the dose clearly. At
three gram two, there was more dizziness than 800
milligram, and it was following the dosing and the

next 10 hours following the dosing.

DR. EBERT: And I was just curious, were
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those patients generally taken this fasting or were
they taking it with meals or did that delay absorption
similar to what’s been discussed with Trovafloxacin or
is delaying the absorption and perhaps, minimizing the

Y

dizziness that’s seen?

DR. LEROY: Okay, I wunderstand YO
question. We’ve not studied exactly this quesiis so
I cannot answer exactly to the question.. iui we know
is that the food interaction bii i Bhargava could

s difference in peaking

elaborate on that. There.: .

the dose interact?.:: . The nausea were a bit lower in
Phase I whowciven -- when the product was given with
food . W& did not see any difference in dizziness but
tliiwe was not a system of recordation SO we cannot
answer with certainty to thié question.

DR. RELLER: Dr. Leggett, did you have
another question?

MR. LEGGETT: Yeah, I have a couple of
related questions concerning your proposed break
points on page 70 of the book that you showed us in
terms of susceptible and resistant, tying that in with
the peak concentration levels and the AUCs that you
listed and especially if you’re looking at the Phase
I, the QTc intervals and look at like 5,000 -- I don’t

remember which slide it was but there were several
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ttwtgand concentration points.

I pptice that very few of them were above
four. At least a half or more of your peak
concentrations were less than two and yet, you weren’'t
a break point ;hat is four for the H. flu 'and 7T we

wondering a little bit about that especizily in

relationship to the 60 percent effi.w:y that you

showed in, I believe it was tho. 78290 trial. In that

regard, I wonder, looking: i imidl Craig’s data, in his
thing on page 222.. ii- icoks at the AUC to MIC ratio
and the stati..prvint is someplace between 125 and 250,
it loolk:w Jike, looking at that trial.

If you take your AUC and divide by the MIC
@l the dose, to me it looks like your break point
should be about .25 or .5 at the most rather than two
or four, so I have a question about that. Related to
that also, what in his mouse model, what was the peak
to MIC ratio that corresponded to that static break
point as well? And I say that in regards to many of
the peaks with the telithro not getting to 4 and
staying at one or two.

DR. SEIDLIN: Okay, there are several
points in there and I'm going to try to remember them
all so that I can touch on them. The first thing I'm

going to talk to is the distribution of plasma
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concentrations observed. Then we’re going to talk.

about the AUC/MIC for S. pneumo and then we’ll talk

about H. Flu, okay? Let’s see if T can remembe: g11

that.
~

Okay, the concentrations that  were shown
were not all obtaiﬁed at peak. We rea: uted that they
be taken, I believe it was or:.u :i two hours after
dosing but there was o i1 g distribution. The
important point the:.: vy we were trying to correlate
the serum lev::« with the ECG findings and the serum
level osiods ECG findings were within 1 hour of each

We can spow you, 1if vyou like, the
distribution of the time points for those levels. ‘i
those levels did not necessarily represent Cmax. For
some patients, in fact, they did but not for all.
All right, now turning to the AUC/MIC for S. pneumo.
I think it’s important to distinguish S. pneumo from
H. flu in this context.- Clearly, Dr. Craig’s model is
a S. pneumo model and it’s really a systemic infection
model where blood levels are quite important and I’'m

going to call up on Dr. Craig in a moment to detail

those results.

For H. flu there is no good model to

predict AUC/MIC and as Dr. Leroy mentioned earlier,
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this is very much a tissue based infection. Ti's
rather unusual to detect H. flu in the blood. Sa no
AUC/MIC criteria for efficacy against Hemoyphilus
influenza have really been developed from a model
based method. }ndeed, what we can do ig we éan look
at the MICs ofvthe H. flues ivxiiated in clinical
trials and the clinical r: o vwes to see if there is a

correlation. Dr = Iwamy, would you like to present

#, and then we’ll go back to the S.

that data,

pneti

DR. LEROY: If we look for example at
community acquired pneumonia, we can see that -- we
can see that -- so the number of pathogens both 4 i
limited so we cannot conclude on that but we dr .ot
have a cut-off point from this data ior its
influencing community-acquired pneumonia.

DR. LEGGETT: And so as another follow-up
question, I was going to ask about AECE but 1’11 ask
it about here. Most of the time in upper respiratory
tract infections, H. flu is cleared at least 50 to 60
percent of the time with a placebo. So looking at
these rates, I'm a little nervous and I wondered what
that placebo rate or if it’s been tried, if you can
tell me. In my recollection, it’s pretty high for

acute exacerbations of chronic bronchitis making these
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numbers of 80 to 90 not necessarily as impressive.

DR. LEROY: Yeah, I think iir those

&

patients with community-acquired pneumcnia one

important point is that some of these: patients had

relatively severe pneumonia. So tiicy may be cleared.

We have also analyzed the fact 11 say that only single

pathogen infections =i patients with a single
pathogen infecti. . zumociated with a concurrent gram
stain to ‘i see if there was a difference, and
the: i wswe no difference.

The number are smaller if we can see these
numbers. Certainly influencing community-acquired
pneumonia is a question, the causality is a questiiuy,
that’s why we -- the next one, the one v . iir the
concurrent strains. Keep going. Okay, i any case,
the number for the concurrent and gram stains showed
a good efficacy around 80 percent. So we can see this
one, slide on, which shows the number with a single
pathogen, infection and a single and mixed infection.
It was variable between the studies and if we can have
the number with the -- we have also analyzed the
concurrence gram stain, which is interesting to have,
also 9, where we 1lose probably 20 percent of the
single pathogens who had -- who had not a concurrent

gram stain that is to Say were not gram-positive or
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gram stain and had also a good cure rate. Yes, slide
on.

So these are the single pathogen

infections with gram-positive on the: gram stain. So
~

when we tried to narrow down to ¢.pathogen that we can

consider more causative, v have the same type of

rate.

I IEGGETT: Can you explain to me the
mechani. s «if bacterial eradication in that highest
Jiwigs of the H. flu where not even the peak 1levels
reached that amount?

DR. SEIDLIN: We believe it’s due to: the
levels that are present in the extra cell..iar fluid
and in the tissue. Dr. Bhargava showed ,ou levels of
14.9 in ECF from Dr. Wise's lab and those probably
account for the excellent outcomes.

DR. LEGGETT: But that’s at the two to
three hour level, right?

DR. SEIDLIN: Right, and they were
actually sustained for quite awhile. Okay, shall we
go to Dr. Craig?

DR. CRAIG: The drug has significantly
different binding in animals than it does in humans.
It has higher binding in animals and so we needed to

focus on free drug levels. And so when we start
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focusing on free drug levels, then the AUC to MIC
ratio falls further. And then another thing that is
quite clear with these drugs is also clear with
flouroquinolones is that the white cell has a marked

Y

effect on the area under th-: urve that’s required for

efficacy.

Sculhai when we look at those strains that
we have: bewui able to look at in normal mice or in
vosni special CBAJ mice where we, again, don’t have to
make them neutropenic, we’re getting down to AUC to
MIC ratios in the range of about 5 to 10 that’::
required. And when one takes those kind of by,
then looks at the free drug ratio that e sees in
humans, then one starts getting muc’: higher break
points, probably not up to 4 butvup to at least 1.

DR. RELLER: Dr. Ebert.

DR. EBERT: Just a clarification regarding
the sinusitis studies; were any of your sinusitis
studies double-tap studies so You were able to look at
eradication. I'm particularly interested in that
because you're saying that the 5 day and the 10-day
courses are equivalent and I wondered whether you had
any microbiology data to support that.

DR. SEIDLIN: No, we do not. As you know,

doing double-tap studies is rather a formidable
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challenge.

DR. RELLER: Dr. Leggett.

DR. LEGGETT: A follow-up on the sinusitis
studies, any ideas abo: . in your comparator groups
with the amoxiellljhyybrt. In your PPb people there
were only like. four percent of bacteria that were
actually ‘.wloied whereas in the other telitrho and
the. ~{iiuxime group there were up above 40 percent.

Wiy the variability?

3

DR. SEIDLIN: That’s because the first.

study which just compared five and ten days of ficnugy

ity and the

was a sinus puncture study in all pat.:
third study there was the opti..w of either sinus
puncture on endoscopy. The stuidy you’re referring to

was a clinical study sc' there were no bacterial

isolation there.
DR. RELLER: Yes, Dr. Sumavya.

DR. SUMAYA: It appeared from the date
presented that the resistance strains clustered around
those patients that had community-acquired pneumonia
as well as sinusitis. 1Is that correct and also was
there any clustering in predictor H groups from the

resistant strains?

DR. SEIDLIN: One would expect to see the

most  streptococcus pneumonia and pneumonia and
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sinusitis. It is an important,pathogen for AECB but
other pathogens“begin to play w4 more important role so
that’s not particularly surprising. Do we have an age
distribution of the rusistant pathogens? I don’t

»

recall that off-hssu, but perhaps we could address it

after the l.ivusis.
DR. RELLER: We need to conclude very

slisrtly but I have two closing questions. Dr. Murray

has one as well. bDr. Murray.

DR. MURRAY: Actually, I’'1ll ask P

that it be answered in the afternoon becarizt yioa may

need -- perhaps you can put the infr:upson together

on a slide. I do have some con:: v about resistance
emergence in the isolates t+’:..° have erm B and I think
there have been some aisstract -- data presented in
abstract form that suggest quite a considerably higher
rate of emergence or resistance by plating erm B
containing strains onto telithro containing agar.
With that background, there are two things
that I’'ve noticed that I would be interested in
hearing comment on. One was an animal model published
in January in JAC showing lack of efficacy against one
of the erm containing strains and perhaps there’s an

explanation for why that was lack of efficacy. Bill

may have hit upon it. If there’s higher binding in
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animals but they humanize blood levels but I don't
believe they were free drug levels, so I'd like a
comment on that. Perlisps that one would be quick.

But whais I'd like perhaps to see a slide

.

of is some of iiwrdata that were given in here on page
32 about. asirimal résults with Erythromycin resistant
an i doesn’ t really allow me to compare either the
F50 -- the way it’s written out. I'd like to see a
table that says this was the Erythromyci:
susceptible, the Erythromycin resistant, tli: {wwy
mechanisms and what were the Comptin 3 /ors --
comparative decreased in count arii bl can’t pull that
out of here. I'm given ar. BL50 for Erythromycin

susceptible, but then fo' iiie Erythromycin resistant,
I'm just told log de::wase. So I can’t really compare
those internally and if it would be possible, I'd like
to see that in a slide.

DR. SEIDLIN: Okay, we will certainly make
an effort to get that together for you after the

break.

DR. RELLER: Dr. Wald, did you have a
question?

DR. WALD: I was just curious, in your
high risk populations, patients with liver disease,

the elderly and the kidney patients, what was the
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range of the peak concentration of Telithromycin,

because it seems to me there are relatively few

-

patients in escir of those groups.

DR. SEIDLIN: So you’d like to see --

remembe . {hese are not always peak concentrations but

wo s certainly show you the measured concentrations

in those populations or we can go back to the Phase I

IR S

data and look at those again. Which would you 174 st

see? Do you want to see the Phase I or thes e III?
DR. WALD: I wanted to =w¢= Lhe peaks.
DR. SEIDLIN: fiw:y:, so that’s Phase TI.

Dr. Bhargava.

DR. BH7.AVA I think the three that
you're ask in t.ums of the hepatics, we had I said
earlier, eve:w the multiple dose situation at steady
state almost no change in the peak levels and the peak
levels are approximately 2.2 microgram per ML, so that
would be the same in the healthy volunteers as well as
hepatics.

In the elderly, as I showed in the Phase
III, we did have a significant number of CAP patients
where we connect -- collected serial pharmacokinetic
samples up to six samples per patient and in that
again, I was able to show that when you compare the

less than 65 patients to the over, there’s about a 20
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percent increase ir the over 65, so it’s a 1.2 ratio
and I think tha}”last population you asked about was
the renal pogulation and in the moderate to severe
impairmeri;, we see approximately a 1.5 full change in
the Uivix, so ig would go from about 2.3 to 1.5 full
nmigher than that.

DR. WALD: I was interested in the range
rather than the mean.

DR. BHARGAVA: Okay, those wer:: Ll neans
and when we looked at the ranges i:: iher liepatics in

fact, the range was very tighi.. %o the outliers, in

fact, were -- in our Pliaes T programs were no more
than 6 so the highem«g‘l think was about 6.5, 6.6 in
all of our Phas. =1 studies. So it’s about, you know,
two and a 'wilf to three-fold.

DR. RELLER: In the presentation
emphasizing activity against Erythromycin A resistant
Streptococcus pneumoniae, there was an implication of
lack of effective methylation efflux mutation and yet
a couple of slides later, on M22, there was a shift in
the MIC90 in organisms that had -- pneumococci that
had these mechanisms. What’s the explanation for the
shift up in MIC90?

DR. SEIDLIN: There is some shift in MIC90

in the erm containing strains but still well within
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the senuitive range. Clearly, in erm resistant
isolates instead of the two binding sites on the 23SRA
there 4 only one and it’s still effective but not as -

vhe MICs do go up a little bit. For the efflux

“~

matants, the -- as Dr. Bryskier pointed out, there is
less affinity for'the pump with Telithromycin than
with Azithromycin, Clarithromycin, Erythromyci:.:
However, the pump still exists and does Prussi i a
little bit of the drug. So, yes, uunt dhwes see a

slight change in the MIC but. i well within the

sensitive range.

DR. waldR And secondly, there’'s
discussion ..i° the activity with other potentially
effecti wwagents for resistant pneumococeci . Could you

comr.::nt on what data you have for Clindamycin activity
versus Telithromycin activity in Erythromycin A
resistant strains of pneumococci?

DR. SEIDLIN: Okay, I'm going to ask Dr.
Bryskier if he has any data on Clindamycin to share.

DR. BRYSKIER: I want to ask you, do you
want to know what’s happen when you have a Clindamycin
Susceptible and resistant strain and phenotype or an

€rm B phenotype or genotype?

DR. RELLER: Well, I think in clinical

terms and in the laboratory that an Erythromycin-
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resistani’ pneumococcus, pediatricians, Dr. Wald,
others:, may comment on this, many of these Strains are
susiepitible to Clindamycin. And I just wanted to know
where this agent fits into the whole scheme of things

e

relative to mechanisms of resistance compared with

e g

Telithromycin when one looks at what the options &z
available for therapy in patients who either ol vl get
Penicillin or have resistant strains: v wume of the

other agents.

DR. BRYSKIER.  {kay. When you have an
MLSb mechanism, f, -~ tiustance, and an erm B or
methylase ust.uiiily Clindamycin is not considered as

active so. tlie second is when you have Clindamycin
suspruiable and I will say Erythromycin resistance,
“.idt’s an m phenotype. For S. pneumo today when you
have I would say mef, that’s m phenotype Clindamycin
susceptible, Erythromycin resistant for S. pneumo,
Telithromycin MIC remain in the range of I would say
01 to 025, but what’s most important, there is not
really correlation between MIC of Telithromycin and
the underlying mechanism of resistance to Erythromycin
A for S. pneumo. You can have MIC of 05 and a mef
but you cannot install an MIC of 05 with an erm. So

there is no real correlation.

I will show you -- may I have the slide?
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O1i.tthis slide, that is a population distribution, for

thie strain, we collected of pre-clinical trial. vYou

-

can see easily -- we can see easily that whatever MIC

you obtain. So 002 up to 1 you can have resistant

“~

strain to Erythromycin or susceptible to Erythromyc:is:,

so there’s no correlation. The same work Wiri done
with different gene and also you have no wiiiviation.
For instance, now we Picors scome time you

“ior the loop, on the

could have a mutation on the

peptidyl transferase, furnrinstance we have one strain
now with a mutat o i1 A2049 and we still have a good
ATt of “iulhihromycin. So there is no real
correl.irions betweeq the gene, Erythromycin

resiistance, or Susceptibility.

DR. RELLER: We Will reconvene promptly at
1:00 p.m. after the lunch break. A quick remiﬂder to
the members and guests, there’'s an area in the

restaurant that’s been reserved for you, okay, so that

You can come back promptly. Thank you.

(Whereupon, at 12:.05 p.m. the above-
entitled matter recessed, to reconvene at 1:00 p.m.

the same day.)
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A-F-T-E-R-N-O-O-N S-E-S-S-I-O-N

(12:59 p.m.)

DR. RELLER: Back to the afternoon

session. There were a few residual questions,
additional dat;‘that were left from this morni iy and

I should like to suggest that we handle ttiriue after
the FDA presentation during the tiws:. " the questions
and discussion just befriis break and then
immediately after thio buvasdy, we’ll -- the committee
will address ffi questions posed by FDA.

I'he FDA presentation will be started by
Dr. George Rochester, who will present the FDA'’'s
ciisessment of clinical efficacy of Telithromycin.

PRESENTATION OF DR. GEORGE ROCHESTER

DR. ROCHESTER: Good afternoon. I am
George Rochester, a clinical statistician with the
Division of Anti-Infective Drug Products. I'm George
Rochester, a clinical statistician in the Division of
Biometrics IIT, co-located with the Division of Anti-
Infective Drug Products and I will be presenting an
overall summary of the clinical efficacy for this
application.

We have heard the sponsor'’s presentation
this morning which was quite detailed and our analysis

at this point in the game are essentially identical in
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most aspects of clinical efficacy, so I will not be
going over all the details that were presented this

<

morning but just the essential components and making

some brief comments.

-

In order to look at the clinical el iicacy,
we want -- I want to create for you a bea:sii Framework
within which we will present cw:r viewpoints and
information and characteriz:: ' importance of safety
as well as efficacy  iiv Lerms of determining risk

benefits analyiwise for this product. Following my

‘“awtion, Dr. Alma Davidson will speak to

brief pr::

theoe  iague regarding resistant 9. pneumonia and
fiythromycin resistant pathogens in terms of the

indications that are being sought.

And then Dr. David Ross will talk abou:r
the overall general safety profile of Telithrouwycin
with specific emphasis on QT issues. Dr. Edward Cox
will then follow to talk about the hepatic effects and
then we’ll have a summary from Dr. Ross again about

the risk/benefit profile of this drug.

To outline my talk, I will generally talk
about the Phase III clinical data base, mention
something about data that was censored from the Phase
IIT clinical trials, clinical or bacteriologic

efficacy and my talk will be mostly on clinical and
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not bacteriologic except the tonsillar pharyngitig
indication is actually a bacteriologic end point and

followed by an overall conclusion.

The Phase IIT . clinical dat i  base

Y

essentially consisted of 13 Phase IIT clir ]l trials

for four indications; community-aciyvizied pneumonia,

acute exacerbation of chreiy i bronchitis, acute
maxillary sinusitis a0 o Group A beta-hemolytic
streptococcus torwwl o pharyngitis.,

Branentially, across all indications we've
gait ot least two control trials for every indication.
i will be mostly focusing on the information that
comes out of the controlled trials rather than the.
uncontrolled situations and for all these stud’iss,
some of them were conducted including U.S. patients
but there were no studies that were based solely in
U.S. patients, so I did not use the terminology, U.S.
studies.

Also there are subtle differences from
time to time in terms of populations, maybe the types

of patients that are included, even though essentially

all cap patients, enrolled patients with CAP, but we

have difficulty in just making -- pooling such results

and making all studies being equal into -- being

poolable. So from out viewpoint, we will pPresent
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results with each study just being considered asi it is
and an overalllgummary of that information.

Essentially, a few sites wer i censored
based on FDA investigation of clinical.trial conduct,

<

quality of data th?t was receivesil tor this Phase --
for the entire application. For the data that was
submitted initially., i¢s- the first submission which
was a year ~suv tliere were four investigators that
were crunisisd by the FDA. And these investigators
cuindiially were participants in other studies, other
applications, not in Aventis that had some problems in
terms of their data quality and data integrity anc.

those investigators were then further looked - in

relation to this application.

Those four that were censoied accounted
for a total of 186 patients and these patients were
then excluded from all -- some were excluded from all
indications eéXcept tonsillar pharyngitis and we
excluded them from all our analyses and so did the
sponsor and the sponsor agreed with us in terms of
censoring this data. Phase IIT trials, the dosing of
interest for three indications; acute exacerbation of
chronic bronchitis, acute maxillary sinusitis and
tonsillar pharyngitis was essentially for five day

therapy and community-acquired pneumonia for seven to
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10 days.

All studies had a designated test of cure

-

window and had a similar design st:ucture across all

these indications and, of courssy, the test of cure

Y

window could vary in terms of a few days ‘plus or

minus, depending on. which indications vyou are
describing. But :liive were always pre-specified in
the protocni. sl essentially were followed.

The primary efficacy populations for
ity -acquired AECB and maxillary sinusitis are
both the mITT and PPc and contrary to probably popular
belief, many people kind of assumed that we ' via Guelly
interested in looking at the per protocol -+ clinical
per protocol population but in fact. we do -- are
always interested in the mITT analy,sis as well. So in
my presentation, I will present both of those numbers.

The mITT population is defined as all
randomized subjects who met disease definition based
upon clinical presentation history, bacteriologic
and/or radiologic information and received at least
one dose of study drug will be included in the mITT
population. And this is a modified ITT because
patients could be excluded only based upon baseline
characteristics. Patients were not to be excluded

based upon something that transpired during the course
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of the trial and that definition was usiedd both by the
sponsor and by.PS'

The mITT as well, thai population, allows
us to have two clear cateqgriiies; you’re either a

Y
failure or a success. There are no intermediate

categories into th:i. population. The protocol group,
however, dr -l all mITT subjects minus those with
maj~:  puootocol  violations  and major protocol

viclations were always pre-described in the protocol

ahead of time.

For community-acquired pneumonia tliiscre
were essentially three clinical control. trials;
Protocols I, 6 and 9. The first @ ous comparing

Telithromycin to Amoxicillin, eseriviially had about
five percent, 90 percent for ccouiparator and 95 percent
cure rate for Telithromycin. The second study, which
-- 1in the protocol population. The second study
which compared Telithromycin to Clarithromycin was
about equal at 88 percent cure rate. And in Protocol
Number 9, which was comparing Trovan, that one had 90
percent for Telithromycin and about 94 percent for
Trovan, and of course, the sponsor did explain that
that was a study that the -- when Trovan was
restricted, that study continued as a single arm study

later and so did -- the numbers in this study are a
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bit smaller.
What we notice is that the 95 percent
confidence intervals for bott: the PPc and mITT were

within a 15 percent margir und if we exclude the study

3009, the other two wiuidies fell within a 10 percent
margin.

fwiute Exacerbation of Chronic Bronchitis;
to iw facluded in this trial one of the essential

feutures was that subjects needed to have a documented

history of chronic bronchitis and at least in Protocol

3003, there was an FEV1/FVC ratio of less tliss U
percent that was used to capture patients wiil: certain
severity of illness and these test:: liad to be made

within the previous 12 months r.:'or to enrollment in
the study. At a time of p» wentation, subjects were
expected to have increased cough, increases sputum
volume, increased sputum purulence and/or dyspnea.
And cure was defined as resolution of all signs and
symptoms and no subsequently antimicrobial therapy
could have been administered prior to the test of cure
date. In this study we did notice that even though
I'm not discussing details about the bacteriologic
efficacy, that in fact, most of the patients here, the
most common pathogen was Hemophilus influenza and not

S. pneumonia as one might expect from the literature.
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In these two trials we see again, both the
PPc and the mITT populations that the rates were
somewhere ranging from £1 to 86 percent, similar for
comparator as well aw relithromycin and the integral
bounds in these hwﬁiidence intervals were within the
10 percent l:wwwbond margin that we’ve established to
declays. @ iherapeutic equivalent.

For acute maxillary sinusitis, this is --
we’'re looking at the five-day of Telithromycin.
compared to 10 days and in study 3005 therr: wenis two
clinical -- two controlled studies hro:ie In study 5
this result is only for the five guay arm compared to
the 10-day arm. It was 10 ciys of comparators. It
was a 10-day arm and a. 10-day arm also met our
confidence integral bounds of deélaring equivalence.
Both the mITT and the PPc and the mITT populations
here showed fairly consistent results in terms of
confidence intervals that we expected to see.

One should note, however, in study 3005
the five-day, a rate of just 75 percent consider it
the natural history of that disease and that patients
were also allowed during this protocol to have

concomitant use of -- concurrent use of medications

such as antihistamines and antipyretics, inflammatory

medications. So, therefore, one should just bear in
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mind that the 75 percent. cure rate itself is not
necessarily th;F great. tiowever, these results seem
fairly consistent frorn: among the two trials. In the
second study, 3017. in that study the population was
restricted to.;ﬂlby case definition, to include most
of the. «wulijects who had at least seven days of

woms at the time of enrollment while in the first

study, that was not clearly the case and in fact,
approximately 40 percent to my recollection, «/F
subjects in th=+ study presented with sicores and
symptoms that were within the seven-da: wiidow when

divility of viral

one may suspect there is a high 1w
infection as opposed to bact . ::al sinusitis.
However, thc:ur differences were equal for
both treatment arms.. So both populations pretty much
had about the same occurrence of both characteristics.
For the Group A beta-hemolytic
streptococcal tonsillitis/pharyngitis, we want to make
some basic comments, ' very few comments on this,
regarding this indication and that when we’re
interpreting in the regulatory context our findings of
efficacy, simply meeting a statistical criterion that
you are within your minimum confidence interval
bounds, 1is a minimum criterion that is usually

necessary to meet but it is in no way sufficient in
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terms of for a drog: to win. And there are other
considerations Ehait should be borne in mind.

For example, in this indication,

penicillin is:witill the gold standard that we expect

A Y

as a compzritor and the primary efficacy for this is
basciis upon microbiologic eradication and not
riessarily  just clinical impressions. And any

product with an absolute eradication rate of less than
85 percent and the protocol population should r .- fue
considered first line therapy. And this Corcentainly
within the spirit of the guidance tiiwiliws been on the
web for some time.

Tonsillar  pharyngitis is also a mild
diseases. A t.sygeted population is typically
children. Thesw are many alternative therapies that
are curreni.ly available for this indication. There
was insufficient evidence of activity against
Erythromycin resistance strep pyogenes and the risk
benefit ratio must be considered very carefully in
terms of when we put a drug on the market whether or
not there is truly a benefit that outweighs the risk
before it’s approved.

Our overall conclusion is that FDA’s
efficacy analyses are consistent with those of the

applicant’s computationally and, of course, we do take
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other consideratiouss into mind when we make
conclusions abqgt:?he utility of these numbers. Aand
that adequate. .«:ili-controlled trials must demonstrate
both safet:. and efficacy in order for a drug to be

Y

approeeidd to market. So I would then like to' turn it
over to Dr. Davidson, who will now continue the
presentation and talk about the resistant pathogens.

DR. RELLER: Dr. Alma Davidson.

PRESENTATION OF DR. ALMA DAVIDSC:

DR. DAVIDSON: Good aftey yioiir. My name is
Alma Davidson. I'm a med offjr.svith the Division of
Anti-Infective Drug Pre iiviw and I will focus my
presentation on Fln#  applicant’s proposed drug
resistant streiscoccus pneumonia claims of
Telithromyr . ai. This is the éverview of my talk which
includes at the outset I will present the applicant’s
proposed labeling for resistance of Telithromycin.
Then I'11 talk about Penicillin resistant
streptococcus pneumonia claim, including a brief
review of regulatory history of selected antimicrobial
agents which were previously presented before the
advisory committee.

Next, I will vreview the Erythromycin
resistant streptococcus pneumonia claim. I will make

summary comments at the end of each section. I will
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be referring to the acronym PRSP for Penicillin
resistant siregtococcus pneumoniae and the acronym
ERSP for: Erythromycin resistant streptococcus
pneuw.iitae in my subsequent slides.

Thgg slide displays the applicant’s

proposed labeling for resistance claims, community-

acquired pneumonia and acute sinusitis due ot

Streptococcus pneumonia including strains res. . ioto
Penicillin G and Erythromycin A. Now 7.4 135 consider
Penicillin resistant streptococciu: pricumoniae claims

beginning with the revie.w of issues discussed by

ie and the regulatory history

previous advisory co

of selected ant.i:icrobial agents.
fhepreviousadvisorycommitteeconsidered
severa'. issues regarding potential resistance claims.
Fo.lemost was the seriousness of the disease, for
example, meningitis and bacteremic pneumonia. Much
of the previous discussions focused on community and
hospital acquired pneumonias. In general bacteremic
pneumonia carries a higher mortality rate and is a
sign of invasive disease. 1In addition, documentation
of a pathogen in the blood which is a sterile site,
add certainty to the diagnoses. It was felt that an

applicant should demonstrate efficacy for resistant

pathogens in serious disease prior to claims and less
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serious indications.

Next the strength of evidence to support
the. nroposed resistant claim for antimicrobial agent

vwog discussed. I will review some of the data in the
A
subsequent slides. Another issue is the relationship

of the mechanism of resistance -- of the regist.omt:

pathogen to the mechanism of action for tiv agent

3

being considered. These issues will 1. .7

considerations. For example . (1 go-called out of
class agents such as (%o treatment of PRSP with
quinolones or wiliiiii rslass agents such as Agumentin.

Finally, wha.: is the impact to public health of such
a claim. .

For the remainder of my presentation, I
wi’l consider only community-acquired pneumonia
indication, especially bacteremic community-acquired
pneumonia as it represents a serious invasive type of
disease. I will now review data which was discussed
at the previous advisory committee meetings for
Levofloxacin, Moxifloxacin and Linezolid.

This slide reflects the information that
the advisory committee considered when reviewing
Levofloxacin for the indication of community-acquired
pneumonia with a PRSP claim. Within the MDA data

base, a total of 250 -- 250 microbiologically
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documesiiied cases of streptococcus pneumonia community-

acau.red were studied with a 98§ percent success rate.

&

(i this, 15 cases were due to PRSP with 100 percent

cure rate. There were 55 cases of bacteremic

A Y

pneumonia due to streptococcus pneumoniae with 100

e

percent cure rate. The susceptible cases and !ls-

resistant cases both had 100 percent cure v

Following from the data wos il presented
to the agency and the advisory ciinitiwe, Levofloxacin
was granted an indicaivine of community-acquired

Lolaim. The text of the current

pneumonia with PPR:;
label followvw:. "Community-acquired pneumonia due to
streptoricus pneumoniae (including Penicillin-
res.’.iant strains) MIC value for Penicillin was
greater than or equal to two micrograms per mL".
Now, let’s turn over to Moxifloxacin. As
we can see, the total experience for community-
acquired pneumonia due to Streptococcus pneumoniae was
89 cases with a 90 percent cure rate. In this
application, only one study, Study 140, collected
blood cultures from which the streptococcus pneumoniae
was isolated. In this study six cases were due to

PRSP, 10 cases had documented bacteremia and only one

or two of them were due to PRSB. The Moxifloxacin
label does not carry -- currently carry a claim for
S A G CORP.
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CAP due to PRSB.
Le;js turn over to Linezolid. Here the
applicant collected a total of 100 Ccases of CAP due to
Streptococcus pneumoniae with a cure rate of 88

.

percent. It is important to note that out of the. 33

bacteremic cases, none were due to PRSP . The
Linezolid label carries an indication Tir s Community-
acquired pneumonia and specifical . «wivutes that it is

not to be used for PRSB.
Moxifleouwwiiie, and Linezolid were not
approved for: Py claim  and the indication of
commur:iiyucquired pneumonia due to insufficient
cwiidience upon which tq base this claim. Now, let’s
review the Telithromycin data submitted in support of
PRSB claims for community-acquired pneumonia. This is
a summary of data across controlled and uncontrolled
studies. Less than five cases were documented among
the comparator group. This slide shows that the total
number of patients with documented streptococcus
pneumonia isolates regardless of susceptibility was
174 with a clinical success rate of 96 percent. Of
this 17 were due to PRSB. There were 38 cases of
bacteremic pneumonia with a cure rate of 89 percent,
compared to 67 percent among PRSB cases. It should be

noted that there were only six case of PRSB
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bacteremia.

If we compare this experience to
Levofloxacin, we note that the evidence is somewhat
smaller with lower clinical cure rates among i

<

bacteremic cases, especially PRSB. In summ::y for
Telithromycin treated patients, the oveswll. clinical
success rate of community-acqui: e jureumonia due to
Streptococcus pneumoniae i §2 percent among 174
cases. Seventeen crugesyasi PRSB and community-acquired
pneumonia weis doamented. The majority of patients
had mil::tor moderate pneumonia based upon fine scores.
Tw.o ofr the failures had severe infections with PRSB
@11d were treated in the hospital setting. The other
failure had a moderately severe infection and was also
treated in the hospital.

There were six documented bacteremic cases
of PRSB pneumonia with a cure rate of 67 percent.
Bacteremic failures occurred in sicker populations.
They both required hospitalization and additional
intravenous antibiotics.

Now, let’s switch gears to Telithromycin
and Erythromycin resistant Streptococcus pneumoniae
claim of Telithromycin. This slide summarizes the

clinical success of Telithromycin for ERSP claim and

community-acquired pneumonia. You will notice that
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these numbers are identical to the numbers for pPrSE
cases. However, they are not the same paticsits.
There are about 50 percent concurrence in cawits of
PRSB and ERSB. Again, the overall :wiler of

“~

documented ERSB pneumonia cases was 17 with a cure

rate of 82 percent. Likewise, the ' i :- rate among the

el

bacteremic ERSP cases was 67

Now, since *!v:nui’ B genotype is the most
common type in thss tivited States, isolates carrying
this gene wi.. 1+ considered in the subsequent slide.
This alide summarizes the Telithromycin and

aigithromycin MICs in community-acquired pneumonia with

the mef E genotypes. The first column indicates the
MICs of Telithromycin. The second column indicamms
the MICs of Erythromycin and the third colum: is the
number of cases with the mef E genotypes and their

data base.
Interestingly enough, as the MICs of
Erythromycin increases, the MICs of Telithromycin
also increased. You will recall that the applicant’s
proposed break point of Telithromycin sensitivity is
greater than or equal to 1 microgram per mlL. Although
the number of isolates with the mef E genotypes are
small, this observation of increasing MICs

Telithromycin may raise the possibility of potential
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concurrent resistance between Telithromycin  wu

Erythromycin or macrolides.
Finally, summarizing the Erytimomycin
resistant streptococcus pneumoniae exninenced in
community—acqui;ed_pneumonia. There ¢~ 17 documented
cases of community-acquired rrirciunia with ERSP with
a cure rate of 82 percrii: Kll three failures had a
1iy resistance. Two of the failures

concurrent Penic: i

Lypes. Six bacteremic cases with ERSP

had erm R. ¢

haz.u cure rate of 67 percent. Will Cross resistance
O concurrent resistance between Telithromycin and
Erythromycin clinical isolates occur? That is the
question. Dr. Ross, will further consider thoes
prospective of risk benefit assessment in his ~iumary
discussion at the end of the FDA discussioir.

This ends my presentation. Thank you for
your attention.

DR. RELLER: Dr. David Ross.

PRESENTATION OF DR. DAVID ROSS

DR. ROSS: Good afternoon. My name 1is
David Ross. I'm in the Division of Anti-Infective
Drug Products at FDA. I'm going to speak about the
general safety profile of Telithromycin, followed by
discussion of its cardiac effects. Dr. Edward Cox

will follow with a discussion of hepatic effects of
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Telithromycin followed by discussion by Dr. Zechary

Goodman of drug‘induced liver disease and theu we’1l
finish with an overview of risk benefit isruies.

Let me start by ~summariziiy the Ketek

Phase III safet; data base. There wivir 4,985 patients

who received at least one dose. ./ Ketek or comparator.

iznts did not have post-

Forty-eight of these

baseline safety Pididow-up information leaving 4,937
patients Juaﬁhm=safety data base, 3265 Ketek, 1672
comiimimor.  In the nine control trials, there were

#.045 Ketek treated patients and 1,672 comparator
treated patients. In the four uncontrolled trials,
there were 1,220 Ketek, treated patients.

In terms of extent of exposusi.  for
patients who were treated with the five-diyy regiment,
there were 1,429 patients and as you can see the mean
exposure was about five days. For patients who are
receiving regiments of seven to 10 days or 10 days,
there were somewhat over 1800 patients in this group.
Mean exposure was about nine days and for the entire
data base of Ketek patients, mean exposure was about

seven days. Mean treatment time for comparators was

a little under 10 days.

With respect to deaths, there were no

deaths in Phase I trials. There were 11 deaths in
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Phase III trials,rlO of these were in ¢ap trials, 1 in
a tonsillar phafyngitis trial. This was a comparator
treated patient who died of acute Lymphoid leukemia.
There were seven deaths in Twlithromycin treated

Y
patients, four in comparatc:. Ltreated patients. None

-

of these were directl:.  aittributable to drug. Six of
the deaths, four. fioiotek, two from comparator treated
patients sl swored as treatment failures.

With regard to primary or secondary causes
i death, six out of seven Ketek treated patients who.
died had a cardiovascular cause, zero out of. fiee
comparator treated patients who die. had a
cardiovascular cause. Most of the CAP A.i:ths occurred

in patients who were at high risk f.r morality, that

is Fine Category III or higher.

With respect to serious adverse events,
this table shows SAEs in controlled trials, there were
40, that is two percent in Telithromycin treated
patients and 41, 2.5 percent in comparator treated
patients. The remainder of the table shows serious
adverse events that were possibly related to treatment

and these are listed here.

In the uncontrolled trials there were four
SAEs that were possibly related to drug. These

occurred in Telithromycin treated patients and
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included gastroenteritis, vasculitis. hepatitis and
leukopenia. With regard to adverze events in the
controlled trials the most commori adverse events were
gastrointestinal such as dia: stiea, nausea, vomiting,

Y

dyspepsia, abdominal pai.:oi abdominal LFTs as well as

nervous system, heosinilie, dizziness and blurred vision
with was .+ aspecial senses adverse event. For
dizsidvssy as noted previously, the rate was higher in
comtrolled trials than in comparator and blurred
vision has also been noted. These were predominantly
younger women in tonsillar pharyngitis trials. In.c

case, the episode of blurred vision lasted f::swsveral

days.

.

Because Telithromycin. g metabolized in
part by the 3A4 system, it wan of interest to analyze
adverse events according to 3A4 inhibitor intake as
shown on this slide. It should be emphasized that
this is an exploratory analysis since patients were
not randomized on the basis of 3A4 inhibitor intake.
For the most common adverse events, most -- for
example, for diarrhea, in general, there was a higher
incidence in Telithromycin treated patients who
received a 3A4 inhibitor compared to those who did
not. In addition, the ratio of incidences between

Telithromycin and comparator treated patients was
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greater when patients received a 3A4 inhibitor than
when they did not receive =z 3A4 inhibitor.

My pointer i« dying here. Let me move on
to a discussion of ceayiiac effects of Telithromycin.
~

I'm going to disciws the in vitro and pre-clinical

data Phase T i:i: submitted by the applicant, Phasge

ITI dat . wilinitted and then finish with conclusions.
Lowtiven: just briefly speak to one issue which is the

use of correction factors. In general, despite its

limitations, QTc is the yardstick that we have used |-«

detect signals indicating the potential for r.:
ventricular arrhythmia such as Torsarli..
Obviously, there’s [iwnr a lot of work in
terms of defining alternativ =correction factors. It’s
important to emphasize chat these would need to be
validated against an appropriate population. So for
the remainder of my discussion, I’'m going to focus on
QTc. Let me start with the effects of Telithromycin
on repolarization in vitro and in pre-clinical models.
As has been noted breviously, Telithromycin inhibits
the Ikr channel which is the major repolarization
current. The Ki or concentration at which inhibition
is half maximal, is 42.6 micromolar. Lower Ki means
more potent inhibition. You previously saw data for

comparison that Moxifloxacin was 129 micromolar. You
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can compare this to concernitdations seen in Phase I

studies, in Phase III stuiies. The mean serum Cmax
was 2.4 micromolar, - this is total drug. The
maximum observed ciizventration in Phase III studies

A

was 12 micromesiaoe,

It’s important to remember that these
TR to serum  concentrations. In a rat study
conducted by the applicant, the myocardium had a

higher concentration than serum in a ratio of six iy

one. So concentrations in myocardium may regsoiilitioze
of the Ki. In other in vitro models. . ‘Iiihromycin
prolongs = action potentials ir. ircilated Perkinje

fibers. At the Ki there was . yreater than 75 percent
increase in APD90 a riwusure of action potential
duration. It’s also important to note that in a
controlled in vitro model, Telithromycin potentiates
Sotalol induced APD prolongation.

Finally, in a dog model, Telithromycin
prolonged the QTc and increased heart rate. After IV
infusion, QTc was increased by 30 milliseconds within
one  minute compared to 17 milliseconds for
Clarithromycin. After multiple oral doses, the

increase was 27 to 30 milliseconds.

Let me move onto the Phase T studies.

Telithromycin showed an effect on QTc increasing it in
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both young subjects and clderly subjects, despite the
entry of theseqrationa&ly normal subjects not with
underlying disease ior both rows. The amount of
increase showed d::ue dependence with higher increases
at greater ﬂmmé;, 28 milliseconds at 2400 milligrams
in your:rzubjects, 19 milliseconds at 2000 milligrams
“uwiderly subjects. All of these increases were
statistically significant with respect to placebo.

In a study in changes in QTc in patieni:o.:

with underlying cardiovascular disease, at fouorivirs

after dosing Telithromycin at a «cisee of 1600
milligrams was significantly di /% seut than placebo.
It’s important to note that. tiris peak effect occurred
at four hours since thi: Tmax occurred at around 1.5
hours, plus the 1k effecﬁ on QTc occurred after
concentration. peak was reached. I should note that
one patient in this study had an episode of syncope.
This was not felt to be related to cardiac
dysrhythmia.

Results from Phase I studies pooled showed
a lot of variability around the regression line but
showed that there was a significantly different
regression line from the mean, highly significant,
with a slope of 3.9. In other words, for each

milligram per liter increase in Telithromycin
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concentration, one: would predict a 3.9 millisecond
increase in QTc. And it’s important to remember that

in terms of the.iange of concentrations that were seen

or that were. iikely to pe seen in clinical -- in the
.

real waositan

The apblicant conducted a study in which
iwlithromycin -- the effects of Telithromycin alone,
Cisapride alone, and Telithromycin plus Cisapride. vuwis
examined. You will remember tat Cisapric:: i & 3A4
substrate that has been associates™ ¢iinically with
Torsades and other arrhythmi=.u. As you can see, the
curves for -- blue is ;ilacebo, green is Cisapride,
yellow is Ketek and j;:ink is the combination. As you
can see, the cha.gyes in QTc for Ketek and Cisapride
were comparatiie. When given together, the two had at
least an additive effects on QTc. Because of the
metabolism of Ketek by the 3A4 system, it was also of
interest to see what the effects of concomitant
administration of a potent 3A4 inhibiter, Ketoconazole
were on both Telithromycin pharmacokinetics and QTc
effects.

When Telithromycin and Ketoconazole were
given together, the increase in QTc compared to

placebo was about 10.5 milliseconds which was

statistically significantly different from placebo.
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In terms of the ph=rmacokinetics, administration of
Telithromycin gpd:&etoconazole together increased the
Cmax by aboui: 50 percent. The AUC almost doubled.
Because L the concentration dependence of

Y

Teliliuivunycin’s effect on QTc, it’s important to
ninderstand factors that might effect Telithromycin
concentration and therefore might effect
Telithromycin’s effect on QTc.

It’s important to note that Tel  iursycin
has non-linear pharmacokinetics. As it dse goes up,
clearance decreases and this Auirrsnses our ability to
predict what concentrati..: ¢ other pharmacokinetic
results will obtain v:ih altered doses Or exposures.
At a single dosc: of 800 milligrams, the mean Cmax was
around two :m'lligrams per liter. However, the maximum
Cmax was over five milligrams per liter and this
occurred in the subject with renal impairment. In a
multiple dose study of 800 milligrams, again, the mean
Cmax was around two milligrams per liter. The maximum
observed Cmax was 6.66 milligrams per liter and this
occurred in an elderly subject.

In population PK studies in Phase ITT the
maximum observed concentrations were 7.6 to 9.9
milligrams per liter. Tt is important to keep in mind

in assessing these, that these were not necessarily
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drawn at: i‘je peak{at Tmax and plus may not represent
true p@m&cvalueF. With regard to pharmacokinetics in
speciiil. populations, elderly subjects in Phase T
“itoied a doubling of Cmax in AUC. 1In subjects with

Y
hepatic impairment, in a single dose study, half life

was increased by 40 percent. The applicant has
conducted a multiple dose study. The final repori:

from this study has not been submitted to thoo Gepsiey

v similar

review as of this date but AUC and Cmax. .
in healthy subjects. Although . 1/% does not appear

to be increased, becsiiigs we have not had the

opportunity to rr:wiiaq this study in detail, we cannot
comment on i reasons, for this discrepancy.

What does seem clear is that renal
cle sivance  increases to compensate for  hepatic
ilmpairment implying the potential accumulation of
Telithromycin may occur if there’s decreased
creatinine clearance in the setting of hepatic
impairment.

Finally, in a single dose study in renally
impaired patients, in patients with moderate renal
impairment, creatinine clearance of 40 to 80 milli-
liters per minute. The Cmax was increased by a
third, AUC was increased by 42 percent. 1In subjects

with severe impairment, creatinine clearance of less
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than 40 4Ls per minute, the Cmax was increased by 44
perciaris and thg AUC was increased by 59 percent.
Rewzell that these changes occurred despite the fact
that renal clearance represents only about 13 percent

e

of the total clearance of this drug.

So let me just summarize the results fri:
Phase I and I want to just say that these anii, s are

the hard work of my colleague Dr. Jeivg s hiong in the

office of Clinical PharmacoloqygﬁwﬁtBiopharmaceutics
at FDA. Telithromycin. iwimeesi g concentration in dose
dependent incres:s:  in QTc. The QTc increase
associated wilii Telithromycin was comparable to
Cisapri<it and at least additive when the two were
giwa together. The increase was enhanced by
concomitant administratioﬁ of a 3a4 inhibitor,
Ketoconazole. The concentration of Telithromycin was
also increased by a concomitant Ketaconazole
administration. PK variability was seen in part due
to non-linear pharmacokinetics.

There’s the ©potential for increased
exposure with age and renal impairment as well as the
potential for increased eéxposure in hepatically
impaired subjects with decreased creatinine clearance.

Let me change from the sort of clean world

of controlled Phase I studies to the somewhat more
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nidyy issues involved in assessment of QT changes in
'hase III. It’s important to recognize that the
clinical events that we’re looking for that are
associated with changes in QTc are rare. For example,

with Cisapride there were no clinical  eveuw iy

-

associated with prolonged QTc in the NDA data.'uzur and
as Dr. Ruskin pointed out, it was only «i{f+ura large
number of courses had been presciiixsil that a signal

could be detected.

There i.: wulistantial variability in
measurements il QL. There are inter-individual
measureme: . differences. There are differences
betwr i observers and there are differences for a

©:wven individual in measurement either because of
biological variabilities éuéh as circadian rhythm
changes or for differences between measurements takeir
by the same observer and there are systems that have
been described such as digitizing pads and the like
for trying to minimize this sort of variability.
Finally, the significance of changes in
QTC may not always be clear. Drugs that are
associated with a small change in QTc may still be
associated with Torsades. For example, the
Terfenadine, which has a mean increase of only six

milliseconds in healthy subjects, is well-known to be
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associated with Torsades because of metabolic

interactions. 1In addition, the increase in risk for

a given increase in QTc is not always clear.

Let me mention, moving from these genera

Y
caveats, let me mention some specific limitatiosre: of

the EKG data in the Phase III data o~ tor this

application. EKG data was not. cuiliccted on all
patients. In controlled Fowisize . there was EKG data
from 1,515 Ketek Erouosivs’: patients, 1,276 comparator

treated patie:iiw: #llowing calculation of changes in

QTc intiswvils, There were relatively few data from
hi;rwisk patients and this was in part because of the
design of the trials in which there were multiple

exclusion criteria that would have 1left out such

patients. For example, in terms of patients with EKG

data allowing QTc intervals to be analyzed, there were
two Telithromycin treated patients with a baseline

potassium of less than three.

There were five Telithromycin treated
patients in the EKG data set who were on anti-

arrhythmics. In addition, the number of patients with

higher concentrations was relatively limited,

decreasing the ability to analyze patients -- QTc

changes in such patients. The timing of EKGs in the

Phase III studies may not have corresponded to the
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peak QTc effect. As I noted earlier, the peak QTc
effect in a numger of Phase I studies occurred at four
hours. However, the protocols called for EKGs to hs:
obtained at one to three hours after dosing. Thus. _he

.

EKGs obtained may not have estimated the jrk QTe

—

effect.

EKGs were also obtained:.i uifferent times
after dosing further increaﬂﬁg@wiiw‘variability: EKGs
were obtained at 25 rilimsters per second. A number
of studies exarniidiiiy QTC prolongation have used chart
speeds <. 50 millimeters per second to increase
res:iciiiion.  Finally, there was no data available on
suerum magnesium, hypomagnesemia is a recognized risk
factor for Torsades.

This just showsi some of the exclusiriw
criteria for Telithromycin Phase III trials and these
included conditions such as long QT syndrome, severe
hypokalemia and a variety of concomitant medications.
As Dr. Benedict noted previously, a number of these
criteria were dropped part way through the development
program. However, it’s important to note that despite
this, there still remain relatively few patients in
some of these risk groups. For example, there were
only six Telithromycin treated patients receiving

Digoxin in the controlled trials.
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For other drugs that potentially interwct

such as protease inhibitors, there were only three
patients in the data base who received piotease
inhibitors. The analyses I'm going to show. i'ocus on

Y

the controlled Phase III trials. T will irot discuss
the wuncontrolled trials. In orde: Lo control for
variability, we’ve tried ar: wrolt as possible to
compare like with like. 13 the set of patients from
all controlled * iz:: for whom EKG data was available
to calcriisn: QT changes, on therapy changes in
Tesiitiwomycin treated patients were two milliseconds.

There was a net decrease of .7 milliseconds for

comparators.

Iy

For the majority of the demographic ¢ .oups
analyzed, changes in the Clarithromycin were greater
than those for comparators. We specifically compared
Telithromycin with the macrolide wused in these
studies, Clarithromycin and we compared those trials
in which there were Telithromycin treated patients
compared with Clarithromycin treated patients, that
is, studies 3006 and 3008. For all patients together,
the magnitudes of the QTc changes were similar.
However, they were slightly greater for female
patients, 3.7 milliseconds for Telithromycin treated

patients, 2.3 milliseconds for Clarithro treated
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patients.
Fog'elderly patients, the increases. were
5.3 milliseconds for Telithromycin treated p#iirents,
1.6 milliseconds for Clarithromycin treatespatients.
Because Telith;omycin is metaboliy: i by ‘the 3a4
system, we analyzed QTc chamsyeys in patients who
received concomitant 270 ;wibstrates as well as 2De6
substrates. Agai.o T g like to caution that these are
explorato::  sialyses since patients were not

et on the basis of co-administration of these

rarin
subbstrates. For Telithromycin, for patients who did
not received a concomitant 324 substrate, the change
in QTc on therapy was 1.3 milliseconds. For those wh .-
did receive a 3274 substrate, it was 3.2 millisec wyds.
Both of these changes were gréater than for comparator
groups.

For those patients who did not receive 2D6
substrates the increase was 1.4 for Telithro, negative
1 for comparators. Again, receipt of a 2D6 substrate
increased the QTc - by 5.3 milliseconds for
Telithromycin, 0.7 milliseconds for comparators. 1In
patients who received a drug or drugs that were both -
- that were 324 and 2Ds substrates, the increase for

Telithromycin was 6.9 milliseconds, 3 milliseconds for

comparators.
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We performed the same analy:is comparing

Telithromycin.w}th Clarithromycin and cuwin, these are

studies 3006 and 3008. Again, v saw the same
pattern. If patients did not r w:uve a concomitant
<
3A4 substrate, Teli}hromycin “wnita QTe increase of 3.1
versus 2.7 for Claritir: . If there was a 3a4
substrate, the idrioiwswe was 4.1 versus 2.9. For
patients whk. swueived concomitant 324 and 2Dé6
substr wrw; the increase for Telithromycin was 11.5,

itvi Clarithromycin 5.4.

We also examined outliers, focusing
particularly on individuals who had increases of. iy
than 30 milliseconds., Looking at all :=@swrolled
Telithromycin trials, the number of pa:.tients who had
increases of 31 to 60 milliseconds ior Telithromycin
was 7.3 percent versus 5.7 percent for comparator.
The difference is not statistically significant. A
similar analysis for Telithromycin versus
Clarithromycin showed 7.9 percent for Telithromycin,
6.8 percent for Clarithro, again, the differences are
not statistically significant.

So let me summarize the conclusions from
these data. Telithromycin inhibits repolarization in

vitro both in the cell culture model looking at the

IKR channel and isolated Purkinje fibers. Data from
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a rat model suggests that the myocardial T'elithromycin

concentration may approximate the i for these
effects. 1In a dog model, Telithromernfsignificantly
increased QTc with both oral -uw IV dosing. The

.

effect of IV Telithromycin wiuhiigreater than that of IV

Clarithromycin.

Witlr sogard to Phase I, Telithromycin
increassw ("7: in controlled Cross-over studies and
i was  a  consistent effect. The effect was
concentration and dose dependent. It was comparable

to Cisapride and at least additive with Cisapride and.
increased by co-administration of 3Aa4 inhibitor = wi;i;
respect to PK variagbility which migt:i: effect
Telithromycin concentration and therwiyre, its QTc
effect, Telithromycin shows non-1linear pharmokinetics

and showed increased exposure in special populations.

Finally, in Phase III Telithromycin

increased QTc. This was a small but consistent
effect. The increase was larger than with
comparators, including Clarithromycin and exploratory
analyses suggested possible interactions with 3A4 and
2D6 substrates. As an example in trials comparing
Telithromycin with Clarithromycin, the mean increase

for Clarithromycin with both 3A4 and 2Dé6 substrates

was 11.5 milliseconds compared to 5.4 for
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Clarithromycin.

Lep‘me stop here and turn the podium over
to my colleague, Dr. Edward Ceoiv:

PRESENTATION OF i, EDWARD COX

DR:\COX: i=dilo. I'm Edward Cox. I’'m a
medical officer at. itiy FDA. And I’'11 be providing the
agency’s prouisiztion of the hepatic effects of Ketek.
And i@t Lo give you an overview of my talk, first
1731 talk a little bit about some of the pre-clinical
studies with Ketek and then move on and describe some.
of the events in the Phase I studies in human:y ol
then move on to the Phase III studies and wissiuss the
hepatic adverse events as seen and ti:ur move on and
talk about the analysis of laboraitiry data and then a
discussion, a brief discussir. of some of the serious
adverse events that we're seeing.

And when I get to the point of describing
the serious adverse events, I’ll ask Dr. Goodman to
come up and describe  some of the histopathologic
findings from one of the patients
-- or from the patient who had a liver biopsy. And
then after Dr. Goodman’s presentation, I’11 come back
and just briefly summarize the findings from the

hepatic effects.

And first, just to start out, with regards
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to the pre-clinical studies, hwpatotoxicity was seen
in rats, dogs a?d monkeys andg:this hepatotoxicity was
manifested as increases i AST and ALT. Hepatic
necrosis was seen in the four-week rat study and
hepatocellular ) hypaitrophy and multi-nucleated
hepatocytes we:: v ccen in some but not all of the pre-
clinical. aitimal studies. And our FDA
phmwwmmwlogy/toxicology reviewer had the opportunity
Lw go back and review the original data that was

submitted with the Clarithromycin NDA in order. i b

able to compare the effects seen with Tosbihicomyein
with that which was seen with Clari:itvmycin and the
conclusion from the review w . that the hepatic

effects of Telithromycin wrire more than what was

experienced with Clarithiomycin.

And now whatvI'd like to do is just run
through essentially a dose response curve from the
Phase I studies in humans. And just to start out,
I’1l describe the layout of the table here for you.
In the right most column we have the Ketek dose in
doses ranging from 50 milligrams up to 3,200
milligrams and I’ve lumped some of the lower doses
together here just to compact the size of the table.

We also have in the very bottom here, the

data for those periods during which subjects received
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placebo medication. In the widdle group of columns
here are the results from thes: single dose studies and
then in the right most coi:mn are the results from the
multiple dose studi, ;. With regards to hepatic

Y

adverse events, 'd like to call your attention to
this column:.triae which shows the percentage of events
that oowur for any particular dosing period and if we
move from low levels of dose up to the dose of 2,000
milligrams, we do see a clustering of events here at.

2,000 milligrams. Then moving onto higher dosir: vy

do see somewhat of a fall-off.

With regards to hepatic oiiisirse events in
the multiple dose studies, we: see that the events
there were infrequent. 7T .l describe some results
from one of the Phase I studies, Study 1030 which
included eight elderly subjects and who received doses
up to 2,000 milligrams and this is the highest dose
that elderly subjects received during the Phase I
studies.

The study included single doses of 1200
milligrams, 1600 milligrams and 2,000 milligrams and
then interdigitated between these doses was a placebo
period. The doses were separated by approximately a
one-week period of wash-out. There were three

patients who achieved increases in ALT and AST with
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levels ranging frow spproximately 100 to the levels of
300 with ALT being: yreater than AST. And these three

patients, the fTiist was a 72-year old female, who

seven days afl:ix receiving a 2,000 milligram dose of

.

sistrated an increase in her ALT and AST.

As part of her work-up for viral

Ketek, duw

einlogies of hepatitis, this patient also had a
CMVIGM that was positive. The second patient who in

this particular study developed increases in ALT o

AST, was a 69-year old male who 17 A alter
receiving the 2,000 milligram <ivze of Ketek
experienced increases in his 74 und AST.

And the thiiyi patient is a 62-year old

male who seven dav.: dafter receiving a placebo which
was also, becnuse of the nature and design of the
study, 14 iays after that patient received a 2,000
milligram dose of Ketek, experienced increases in his
ALT and AST and as part of the serologic evaluation
for etiologies of hepatitis this patient had an EBVIGM
that was positive. The -- the viral serologies that
were done when looking at the full set of data
available there, do not provide definitive evidence of
diagnosis of a viral etiology and I think, you know,
one of the other points to be made here is that this

could represent a possible drug effect. In such a
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situation, we’d be Uziking about a drug effect that
would have a seven in 17-day latency period given the

chronology of ewiwits here.

with regards to hepatic adverse event
S

rates i;yvsi the Phase TIT Studies, the adverse event

» that were experienced were similar for both

T ey

Ketek and comparators. The rates for treatment

continuation were similar for Ketek and comparator:: .
With regards to serious hepatic adverse ever ' . iwom
the comparative studies, there were twirkidndy treated
patients who experienced seri .- wdverse hepatic
events and one comparaii». treated patient who
experienced a serious suipatic adverse event.

From ' non-comparative studies there was
one additionai Ketek treated patient who experienced
a serious hepatic adverse event. With regards to
hepatic deaths, here were not deaths that were
attributed to drug induced hepatic injury. And now
before coming back and talking about the serious
hepatic adverse events, 1'd like to describe some of
the laboratory evaluations that were carried out to --
within the Phase III studies. And I’'ll focus on

evaluations from the comparative studies in patients

who are normal at baseline for AST, ALT and T.
bilirubin.
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I'1]). look at essentially what are ladders

of AST and ALTleevation and I'll only present data
from the C21% studies and in the CAP studies tﬁere were
more AS! dand ALT elevations at the on therapy and

~

posirherapy visits in the Ketek arm.

For these
curresponding time points in the non-CAP studies,

Ketek and comparator were similar.

W

And I’'1ll just run through the des’ v oo

this slide. We’'re looking at AST changes:. i i Gecur
at the on-therag, visit which i:o diy 2 to 5 in
patients who are normal i baseline from the
community-acquired pnciuousia studies. And we're

looking at changes 1 AST and the ladder here goes
from those pat.iuts who have values of less than or
wire times normal and then at intervals

equal to

incre:sing up to a level of greater than five times
normal.

In this column we have the results for the
number and percentage of Ketek treated patients who
achieve these levels of elevation, then for the
comparator treated patients, similar with the number
of comparator treated patients and the percentage of
patients achieving that level. AaAnd what I‘d like to
do is to call your attention to this row here where

the levels of elevation are between one times and less
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than or equasl to two times the upper limit of normal

where we see a slightly greater proportion of

-

elevati:iiis in the Ketek treated patients.
Now, again, a slide of very similar
.

drrvign. We'’re still looking at AST. However, this is

at the post-therapy visit, so at day 17 to 21. We're

looking at changes in AST and again, the same 1~.}:

for Ketek and comparator treated patients cil 1f we
look at the percentage of patients (syneriencing this
level of elevation of one to. Lw i1mes normal, we see

that six percent of i wid treated patients achieve
this level, wher:iw: Lwo percent of comparator treated
patients achi:we this level and we see a few events
occurring ut levels beyond the two times normal
categriny.

Now we’re moving onto ALT. We'’re back at
the on-therapy time point of day 2 to 5 and so we’re
looking at changes in ALT again the same ladder and
for Ketek treated patients and comparator treated
patients, if we look at the same row that we’ve been
looking at here between 1 and 2 times the normal, we
see 11 percent of Ketek treated patients achieving
this level of elevation and nine percent of comparator
treated patients achieving this level of elevation and

then a few events in both arms at higher levels.
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Now, ALT changes occurring at the post -

therapy wisit, day 17 to 21, and again, the same
ladde:: #s we’ve been looking at for ALT and if we look
ai" the level of one times to less or equal to two

Y

times normal, we see 12 percent of the Ketek treated

patients achieving that level and nine percent of

comparator treated patients achieving that level.

And now within your packet the: i looge
slide that should replace the one tlisiie currently in
there for slide 12. This i:uiiii: looks at combined

laboratory abnormaliti.::«.f ALT, AST and T. bilirubin

at the level of curwsizer than the upper limit of normal
and less thea: two times normal and if we look at the
right reoit column, we have the category of 1lab
analytes where we have cdmbined..AST, ALT and T.
bilirubin and then either ALT and T. bili or AST and
T. bili and we have the number of patients achieving
that level of elevation for the Ketek treated patients
and for the comparator  treated patients.

I should note the Ketek treated patients
includes patients both from the comparative and the
non-comparative studies. And we see we have five
events for all three analytes, five for ALT and T.

bili, one for AST and T. bili and from the comparator

studies, the comparator treated patients we don’t have
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any events there.

And then with regards to combined
abnormalities, the late Dr. Hy Zimmerman, in his book,
"Hepatoxicity", stated that drug induced
hepatocellular ) injury with overt jaundice is
associated with a morality of at least 10 per il
This phrase has come to be known as Hy’s Josw within
the agency and as a surrogate for iusi:n. within NDA
data bases, we often times lc.ovai- AST or ALT greater
than three times the :iywy- iimit of normal combined
with a T. bili v elevation of greater than 1.5
times *liwgper limit of normal.

And in the Ketek treated arm and the
comparator treated arms, there were no patients that
met this criteria strictly. Now, there is -- there
are some patients in the Ketek arm I’'d like to comment
on. The first is the patient who has an ALT elevation
of 19 times the upper limits of normal and a T.
bilirubin of 1.55 times the upper limit of normal.
Now, the is patient also had an ALT at 81 at baseline,
so he did have a slight elevation and this is the same
patient for whom Dr. Goodman will be describing the
pathology on the liver biopsy shortly.

There were two other patients who didn’t

quite achieve the level of elevation of three times
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#ud 1.5 times the upper limit of normal but were

One of these two patients had a mild increase

-

close.

in alkaline phosphatase. And now what I‘d like to do

is just describe the cases of serious adverse events

Y
that occurred during the NDA data base. And one. oif

the reasons that I’'m spending some time agmiiil over

these cases and describing them in sonio diiail is that

within the NDA studies, you. lerus  the safety data
bases really are not jrwwsed to find infrequent
occurring evente: oo T Lhink going through these cases
may provid.: v’ some insights.

The first serious adverse event I’11
dusribe is  a comparator treated patient. This
patient was a 61-year old male with community-acquired
pneumonia a history of congestive heart failure and
alcoholism who was maintained on Digoxin. He was
treated with Clarithromycin, 500 milligrams po BID for
10 days. He was noted to be jaundiced on day 17 and
as part of his evaluation had a CT scan and an ultra-
sound examination that showed changes consistent with
a disseminated neoplasm thought to be of either
hepatic or renal origin.

And I’'ve provided some of his abnormal lab

values below. His peak T. bili was approximately five

times the upper limit of normal and his alkaline
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upper limit of normal. His AST and ALT were notjisl.

And then this is the first serious hisgyatic
adverse event from the Ketek studies, a 76. wivdr old
female with communigy-acquired.pneumonia; m liistory of
hypocholestral anemia and hypciidiemia who’s
maintained on Pravastatin and A%. iy sutinol chronically.
She received treatment w' i #iwek, 800 milligrams po
daily on days 1 thr.:iyyn: (. And then in this table in
the right mosi: cuviuin we have the laboratory analytes.
Next t:¢oibewy, their corresponding normal ranges. And
- iite that at the time that this patient was
enrolled in the study, she had a slightly elevated
AST. She receives therapy on day 5. Her AST and 7.
are elevated at AST of 295, ALT of 418 with a T. bili
and alkaline phosphatase that are just slightly
elevated.

On day 6 she stops her Ketek therapy. oOn
day 7 we see her AST and ALT returning towards normal
and continuing to do so at her subsequent visit.

The second serious hepatic adverse event
from the Phase III studies involved a 19-year old male
with tonsillar pharyngitis who had a positive culture

for Group A Beta hemolytic strep and no significant

past medical history. The patient was treated with
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Ketek, 800 milligrams daily from days 1 through 5 awi’
then on the evening of day 12, there’s a history o
heavy alcohol consumption. And the similar desi.ui to

the table on the last slide, on the right mo<s:: wolumn

.

the analytes and we see he had normal liwes function

tests when he began the study. We ' the completion

of Ketek therapy at day -, Dirws history of alcohol

intake at day 12 an?:tlisi on day 13 we see the bumps
in AST and AT.7v:iir the increase in AST being greater
than 7w of what was experienced with ALT and then

saibigeguent resolution over the next few visits.

And this is the case the Dr. Goodman will
be describing the pathology on shortly. This is the
case of a 53-year old male from Finland with a -- RAER
was admitted to one of the CAP studies whe had a
history of asthma and diabetes mellitus and he was
maintained on inhaled Salbutamol, Fluticasone,
Attrovent, Nasonex and oral calcium. There’s also a
history of Acetaminophen intake that began on day 13
and it’s described in the case report forms as the
intake of six times 500 milligram tablets of Tylenol

over one week. The patient was treated with Ketek 800

milligrams daily, days 1 through 10 and then on day 14
he developed an illness that included fever, vomiting,

diarrhea. This was an illness that was similar to an
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illness that other members of his family were

experiencing at the same time. The difference. in the

patient’s illness was that his fever persisiid.
Now, I’'d like to go through.hixglaboratory

A

studies, again, a similar table. wir"ve added the

Eosinophils here at the bottom ¢ the table and we
have normal ranges. The nceiil range for Eosinophils,
we don’t have a lah.uwituy specific normal range, so
we’'re using tiuesippical normal range of less than 500
cells ;uu. wicro-liter. And on day 1 we note a mild
puiecase in ALT of 81 and the Eosinophil count of 774.
The patient receives Ketek day 1 through 10 and then
returns on day 21 for a follow-up evaluation aft:«-
he’s had this febrile illness with persisting ‘iwer.
He is noted to have an ALT of 354. We cue further
increase in his Eosinophil count and then on day 24
his ALT achieves a maximum for the course of this
particular episode of hepatitis of 1529 and I've also
included data from day 35 here when his ALT is down to
518 and this is the maximum Eosinophil count attained
during this episode.

As part of the patient’s evaluation for
his episode of Hepatitis, the patient had serologies

for Hepatitis A, B and C that were negative. He went

on to have a liver biopsy on Day 29, and Dr. Goodman
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will describe the pathology there shortly . And then
the patient’'s A}T had normalized by threce months.

Now the patient went on aw: had a second
event of Hepatitis, and this was notixd approximately
eight months ;fter the first «vent at a  routine
follow, when the patient hac - ALT value of 1331, As
part of this evaluati.: . ije patient had Anti-Smooth

Muscle Antibodi.w.:i i wrs drawn there were positive one

il

The patient was also noted to have

to one tiu-
s edenvated IGE awnd IGA. With the second episode,
Eosinophilia was not present, and a second liver
biopsy was also attained for the second episod:.:

And now I'd like to turn the po:iium over
to Dr. Zachary Goodman, who will describe vhe findings
from the liver biopsies from this patient.

DR. GOODMAN: Well, you’ll see that on the
schedule I'm listed as giving a lecture on drug-
induced liver disease, but I’'m really going to focus
on the liver biopsy and drug-induced liver disease.
And I should say at the start that liver biopsy is not
usually done in somebody in whom you strongly suspect
drug-induced liver disease. If a patient is on a
drug, develops liver test abnormalities, and you stop
the drug and the test abnormalities go away, then a

liver biopsy is not indicated.
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The times that liver biopsies: sre done is

when there’s a confusing clinical situziion, when it
might be one thing or another; or wheir the diagnosis
of drug-induced liver disease is ‘v entertained. And

Y
when we’re talking about drviisarduced liver disease,

we’'re not talking abomi: isually intrinsic toxicity,

v reaction; and so what do you see

but an idiosync::
in the ‘iiwwsr biopsy  in somebody who has an
iduivgiiiratic drug-induced injury? Well, it could be
anything.

One of the principles and one of the
points to be made is that drugs can mimic just il
anything that can happen in the liver, anyt.uag that
can happen in any naturally occurring iver disease
can happen in drug-induced liver disease; so when you
get a liver biopsy from somebody in whom drug-induced
injury has occurred, it can show just about anything.
You can have an acute injury, or you can have a
chronic injury. And the acute injury can take the
form of hepatocellular injury, a cholestatic injury,
a mixture of the two, or some sort of vascular injury.
And a chronic injury can be a chronic hepatocellular
injury; that is it can be a chronic hepatitis, you can
have chronic cholestasis, you have granulomas disease,

fibrosis or cirrhosis, a vascular injury, or tumors.
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And so in other words, the drugsi can mimic absolutely

anything.

"

So just to give: some examples from the

area of antibiotics; scuw: examples, tetracyclines
Y

typically cause micro:::

sicular fat in a dose related

more intrinsic  ioxic injury, but sometimes
tetracyclincws i cause chronic cholestasis, although
very “y;  and tetracyclines can cause chronic

Togaetiildls, particularly with minocycline.

And one of the principles of recognizing
drug-induced injury is that the same drugs tend. t iy
the same thing over again; that there’:w :» certain
range of patterns that are seen wi.u ¢uch particular
agent in which drug induced in‘.ury is recognized.

For amoxicillin and calvulonic acid,
typically that causes cholestatic injury; but there
can also be an element of cholangitis, or it can be
combined with hepatocellular injury, or sometimes
granulomas. Nitrofurantoin has been around for a long
time, long enough to establish a relative incidence of
injury; and it’s estimated that about one in every
3,000 individuals who takes nitrofurantoin will
develop liver injury. And the injury can take the
form of various forms of acute hepatitis, of acute

hepatocellular injury about 30 percent of the time,
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chronic injury about half of’ iije time, cholestatic
injury in about 10 percent .ud other 10 percent is

miscellaneous things.

So then th:: iuestion arises when we’ve got

Y

a liver biopsy frciw somebody, when should we ' suspect
that a druo wiglit have been the cause; and one answer
is ey, we always suspect it since drugs can mimic

wwiyiliing that can happen in the liver. If there’s not

an obvious other cause, then we always inquire about

what drugs the patient was taking. But st res
especially suspicious of a drug-induced i, iy when
there’s some sort of atypical paidisir; that is,

something that’s not usually sec:i:t in the usual range
of liver diseases, so suc' - things as a combined
hepatocellular and choulestatic injury, that is
cholestatic hepatitis that can happen in wviral
hepatitis. But in a liver biopsy performed in a
hospital in the developed world when you see a
cholestatic hepatitis,’ it’s much more likely a drug
than viral hepatitis.

Granulomas hepatitis; both granulomas and
hepatocellular injury, sometimes that happens in
zarquoidosis, but it’s more likely to be a drug. And
especially if we see a hepatitis that has a lot of

eosinophils with it, not absolutely 100 percent of the
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time, but usually it turne out to be a drug. And when
you have a real}y severe injury, and particularly one
in which there’s zorul necrosis, that’s also most

often due to a drnu:

.

S olet - excuse me - let me show a few
examples. . <Could we dim the lights just a little bit?
Doriw: wiiybody know where the light switch -- for those

you who have been out of medical school for a
while, I’11l remind you of what normal liver histolon;

looks like.

You’ll recall that a lives,: T portal

areas and it has central veins, " t.lie portal areas

have portal vein branches, hejusic artery branches and
bile ducts, and the bloos: comes into the liver at the
tissue level throuyn the vessels of the portal
triades, and percolates through the sinusoids of the
liver where the business of the liver takes place by
the hepatocytes, and the blood 1leaves the liver
through the central veins.

Now some important points are that the
area around the central vein has the blood with the
least oxygen and the least nutrients, so it’s most
susceptible to several types of injury. It’s most

susceptible to ischemic injury.

The area around the central vein is also
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